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The Role of the Ram in Vibriosis of Sheep 
B. D. FIREHAMMER, M.S.; H. MARSH, D.V.M.; E. A. TUNNICLIFF, D.V.M., M.S. 


Bozeman, 


ALTHOUGH vVibriosis of sheep was first de- 
scribed in 1913* and has been studied for 
many years both in this country and 
abroad, the manner in which the ewe is in- 
fected is not known. It is generally ace- 
cepted that infection in cattle is trans- 
mitted from the bull to the cow during 
breeding?” The only report indicating 
transmission by the ram is that of Buxton" 
who presented circumstantial evidence in 
1929. 

Field investigations of natural outbreaks 
and experimental procedures have been 
carried out by the Montana Veterinary Re- 
search Laboratory since 1930 in an attempt 
to determine the role of the ram in the dis- 
ease. Groups of ewes were inoculated at 
the time of breeding, bred to artificially in- 
oculated rams, or inseminated with suspen- 
sions of semen and virulent Vibrio fetus 
organisms. It was felt that exposure to 
pathogenic strains of V. fetus at the time 
of breeding would simulate natural infee- 
tion, if the rams were the infective source. 
Additional groups of ewes were inoculated 
at other periods of the sexual cycle to de- 
termine the susceptibility to infection be- 
fore breeding and at various stages of 
pregnancy. 


NATURAL OUTBREAKS 


The histories of two natural outbreaks 

Contribution from the Montana Veterinary Research 
Laboratory (Montana Experiment Station and Livestock 
Sanitary Board cooperating), Agricultural Experiment 
Station, Montana State College, Bozeman Paper No 
377 journal series 

This work was supported in part by a grant from 
American Cyanamid Co., Lederle Laboratories Division 
Pearl River, N. Y 

These experiments are phases of a regional attack on 
the sheep vibriosis problem in which research agencies in 
Colorado, Idaho, Montana, Utah, and Wyoming are par 
ticipating 

The authors express their appreciation to Mrs. Alice 
Fluegel who assisted with the bacteriological studies 


Montana 


in experiment station flocks are presented 
because in each instance the breeding 
records of the rams and the ewes were 
available. 

Montana Experiment Station.-In 1942, 
vibriosis occurred in the Montana Experi 
ment Station flock of 2,000 ewes, resulting 
in over 300 abortions. The abortion dis- 
tribution and breeding records for 1,545 of 
the ewes which were divided into 25 breed 
ing lots were obtained. Twenty-nine rams 
were used, 14 singly (table 1) and the re- 
maining 15 in five groups of 3 rams each 
(table 2). Six of the rams which were 
used singly bred two lots of ewes each. 

The 14 rams that were used individually 
bred 745 ewes that were in 20 lots, ranging 
in number from 6 to 62 ewes per lot. 
Breeding of nine of the lots started on 


TABLE 1—Abortion Distribution in Lots of Ewes 
Bred with Individual Rams (1942) 


Ram Lot Breeding No. of 


No No started ewes 


112 het 
1120 2 Nov 
Kiva Oct 
Nov 
5651 Oet 
56351 Nov 
1140 Oet 
1140 Nov 
F2010 bet 
F2010 Nov 
«6 Nov 
6 Nov 
2606 Oet 
1540 (het 
Oct 
Oct 
529 Nov 
K 1002 
1476 Nov 
FLIE 2 Nov 
Total 


17 
47 
61 
‘4 
16 
45 


t 


The abortion rate of ewes in aborting lots was 12.4 
per cent; in ewes bred October 27, 14.5 per cent; and in 
ewes bred November 12 or 15, 2.6 per cent 


ed 
aya’ 
Abor a 
Abor tions 
| 
21.3 
1 
‘ 
ah 0 
2.5 
62 17.7 
10 17.2 
4 ” 16.6 : 
27 2 74 
” 0 0 
2 a9 
745 17 
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October 27; breeding of the remaining 11 
lots started on either November 12 or 15. 
A total of 77 ewes aborted in the 15 lots 
that suffered losses. The incidence of abor- 
tion ranged from 1.9 to 35.3 per cent, with 


TABLE 2—Abortion Distribution in Lots of Ewes 
Bred with 3 Rams per Lot (1942) 


Breed Lot 
of rame 


No. of 


ewes 


Abor 
tions 


Hreeding 
started 


121 7 
120 


Hampahire q Nov, 15 
120 


Corriedale 2% Nov. 1 
Komney 2: Nov. 1 
1 


Suffolk Nov, 15 120 
Columbia 2! Novy 114 
Total 600 


The abortion rate was 6.16 per cent 


a total morbidity of 12.4 per cent for the 
617 ewes in the aborting lots. Although 
five lots were abortion-free, only 2 rams 
(K1002 and 1476), each of which bred 
only one lot of ewes, did not have abor- 
tions in at least one lot of ewes bred, 

Abortions in the nine lots of ewes which 
were placed with the rams on October 27 
ranged from 11.7 per cent to 35.3 per cent, 
with an incidence of 18.5 per cent for the 
total of 360 ewes (table 1). In comparison, 
the incidence of abortion in the 11 lots of 
ewes which were placed with the rams on 
November 12 or 15 ranged from no abor- 
tions (5 lots) to 7.4 per cent, with an abor- 
tion rate of 2.6 per cent for the total of 
385 ewes. The reason for this significant 
difference in abortion rates between the 
lots bred on the two different dates is not 
known, 

The possibility that rams used at the 
earlier breeding date were infected while 
those used later were not. is apparently 
eliminated by the fact that 5 of the rams 
were used on both dates. For all 5 of these 
rams, the ewes bred in the first lots had 
higher losses due to abortion than the ewes 
bred in the second lots. In two instances 
(rams 1129 and 1140), abortions occurred 
in the first lot of ewes that were bred, but 
not in the second. It seems unlikely that 
the rams were the source of infection in 
these two instances. 

The 600 ewes that were bred by groups 
of rams were placed in three lots of 120, 
one of 119, and one of 121 ewes (table 2). 
Three rams were put in with each lot of 
ewes on November 15, Each group of rams 
represented a different breed of sheep. 
Abortion losses occurred in all five lots and 
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varied from 4.2 to 7.5 per cent, the average 
being 6.16 per cent. 

United States Sheep Experiment Sta- 
tion.—In 1952, Nordby * reported abortion 
in 668 of 2,513 ewes at the U.S. Sheep Ex- 
periment Station at Dubois, Idaho. A 
number of the fetuses were brought to the 
Montana Veterinary Research Laboratory 
where cultures yielded V. fetus. 

The ewes were separated into 116 breed- 
ing lots consisting of 9 to 53 ewes, each 
with its own breeding ram. Abortions or 
stillbirths occurred in 112 of the 116 lots. 
The abortion rate in the 112 lots varied 
from 4.3 to 65.2 per cent. The 668 abor- 
tions represented 26.2 per cent of the 2,457 
ewes in the aborting lots. 

Although cultures were not made from 
fetuses from each of the aborting lots, it is 
probably safe to assume that few, if any, 
of the abortions were due to causes other 
than vibriosis. If the ewes were infected 
by the rams during breeding, it would fol- 
low that nearly all of the rams used were 
carrying V. fetus, which seems unlikely. 

Wiggins * reviewed the lamb production 
records of 1,768 of the U.S. Sheep Experi- 
ment Station ewes which were in the flock 
in both 1952 and 1953 and of 692 young 
replacement ewes which were added in the 
fall of 1952 after the vibriosis outbreak. 
Twenty-one of the rams which were used 
in the fall prior to the outbreak were used 
again in the fall of 1952. The percentage 
of ewes having immature lambs in 1953 
was slightly below the average for the pe- 
riod of 1940 to 1951, both in the older ewes 
and in the younger replacement ewes. 
Ketuses that were cultured at the Montana 
Veterinary Research Laboratory in the 
spring of 1953 showed no evidence of V. 
fetus infection. The failure to find evi- 
dence of infection the following season is 
typical of the observations made during 
other investigations of vibriosis in sheep. 
Although vibriosis may recur in 
quent seasons, this is not commonly the 
Case. 


subse- 


EXPERIMENTAL PROCEDURE 


MATERIAL AND 


Source and Management of Sheep.—All sheep 


used were obtained from flocks which had no elin 
of vibriosis and were negative to a 
blood serum-agglutination test before use. 


ical history 
Inoeu 
lated sheep were maintained in isolation for the 
duration of the experiment. 

Used-All 


Cultures eultures used were ovine 
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strains of V, fetus isolated from aborted fetuses 
at the Montana Experiment Station. Some were 
cultures that had been lyophilized shortly after 
isolation and were so stored until a short time 
before use. Other cultures were isolated from 
aborted fetuses and maintained on artificial me 
diums for a short time prior to use. All cultures 
produced abortion in pregnant guinea pigs fol 
lowing intraeardiae injection of saline suspensions 
of organisms in pathogenicity trials just before 
experimental use. In some instances, additional 
pathogenicity trials were made by the intra 
venous inoculation of pregnant ewes, 

Inoculation of Rams.—Four rams that were 
later used to breed ewes were inoculated with 
eultures that had been reeovered from aborting 
guinea pigs. Rams H-4021 and L-4000 were inoe 
ulated intravenously, ram H-4024 direetly into 
one testicle, and ram 11,5040 via the epididymis 
and vas deferens. 

Inoculation of Ewes via the Uterine Os.—A 
total of 42 ewes were inoculated at breeding time, 
in four experiments, by injecting suspensions of 
I. fetus either just within or against the uterine 
os. Seven of the ewes were bred immediately after 
inoculation, while 34 were bred first and then in 
oculated. Ewes in heat were selected the 
flock by the use of aproned teaser rams. As these 
experiments were carried out in four different 
years, there was some slight variation in tech 
nique. In the first three trials, totaling 37 ewes, 
the growth on a 48-hour, 16-mm. agar slant was 
suspended in 2 to 3 mil. of saline solution and 
used to inoculate each ewe. In the last experi 
ment, ench ewe received half of the growth on a 
48-hour, l6-mm. slant, suspended in 1 ml. of 


saline. 
The uterine os was visualized by the use of a 
by inch glass speculum. Inoculation was 


made using a 5-ml. syringe equipped with a 12 
inch needle with the end filed smooth. When pos 
sible, the tip of the needle was inserted just within 
the os; when this could not be done, the material 
was expelled against the os, 

Ten ewes were inoculated two heat periods prior 


TABLE 3—Record of Ewes Inoculated Two Heat Periods Before Breeding 


to breeding, using a similar technique. Half of 
the growth of a 48-hour, 16-mm. agar slant, sus 
pended in saline, was used as the inoeulum for 
each ewe. 

Insemination with Infected Semen.—Sixteen 
ewes were inseminated with semen mixed with 
saline suspensions of V. fetus. The culture used 
(4532 
after the initial isolation was made from an 
aborted fetus, The culture produced abortion in 
pregnant guinea pigs in pathogenicity trials made 
before and during the time the insemination work 


was one that had been lyophilized six days 


was being carried out. A culture from the same 
lyophilization run produced abortion in a ewe that 
was inoculated intravenously late in pregnaney, 
although this culture had been carried through 
ten transfers on artificial mediums after recovery 
from lyophilization, 

The growth on 48-hour agar slants was sus 
pended in physiological saline and the turbidity 
adjusted photoelectrically to a value between tubes 
3 and 4 on the MeFarland seale. Bacterial sus 
pensions were made daily and were mixed with an 
equal quantity of semen just before use. Plate 
counts made on semen-Vibrio suspensions that 
were allowed to stand overnight at room tempera 
ture did not indieate any bactericidal effeet by 
the semen, Semen was collected daily from a 
donor ram, using water-jacketed artificial va 
gina. Microseopic evaluation of the semen was 
made to insure its quality. 

Ewes in heat were identified by a vasectomized 
ram equipped with a marking harness, Marked 
ewes were placed in an elevated squeeze and the 
uterine os was visualized through a glass speeu 
lum. The semen-Vibrio suspension (0.4 ml.) was 
injected just within the os, using a 2.0-ml, glass 
syringe fitted with a O.2-ml. serological pipette, 
With the volume of fluid employed, there was 
usually some return flow, 

After insemination of the lot of ewes was com 
pleted, a breeding ram was left in the pen to 


breed any of the ewes which had not coneecived as 


a result of the insemination. Four of the ewes 


Culture results* 


Ewe Ram Times Inoculation Lambing 
No No rebred route record Uterus Viacenta 


T-3 T0855 1 Intravenous None 
W-10- T0855 Intravenous Normal 
7-4 T0855 Intravenous Normal 
7-40 2 Intravenous None 

7-106 T0855 2 Antcrior vagina None 
7-161 T-ORSS Ut rine os Normal 
7-96 Anterior vagina Normal 
W-52 terine os Normal 
Z-107 Anterior vagina None 
1 Uterine Normal 
Z-123 Uterine Normal 
T1117 T0855 Uterine (Ewe died in third month) 
T-1 T 0855 Uterine Normal 


Results of examination for 


Vibrio fetus at time 


of lambing; other organisms were not identified 


* Ewe T-111 died from unknown cause. Cultures from the ewe and twin fetuses in the uterus were 


for Vibrio 


negative 


5 
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returned and were bred by the ram. None of the 
ewes was reinoculated. 

Intravenous Inoculation of Pregnant Ewes, 
Thirty ewes were inoculated intravenously at pe- 
riods ranging from one to four months after 
breeding. Of the 30 ewes, 18 reeeived half of the 
organisms on a 48-hour, 
ceived half of the growth on a 24-hour slant, 5 
the 48-hour growth from fifth to 
three agar slants of 20-mm,. width, and 6 were 
with 1 ml. of a suspension 
equivalent to MeFarland tube No. 5. Four differ 
ent strains of V. fetus were used. 

Culture Studies Following Birth or Abortion. 
Cultures were made at from all lambs 
that dead or died within the first few 
days after birth. In the later experiments, uterine 
swabs made after lambing or abortion were cul 
tured, as the fetal membranes they 
were obtained in satisfactory condition. 
were routinely made on slants and semisolid me 
diums (0.15 % agar), containing 10 per cent ster 


l6-mm. agar slant, 1 re 


received one 


inoculated saline 


necropsy 


were born 


were when 


Cultures 


made up from a basal medium 
previously Plate 
using Difeo blood-agar base and 5 
fibrinated rabbit blood, All eultures ineu 
bated under an atmosphere of 15° per 
although work under way at the present time indi 
cates that partial evacuation of the air is equally 


effective. 


ile horse serum, 


deseribed,” cultures were made 


per cent de 
were 


cent 


INOCULATION Prion TO BREEDING 


Fourteen inoculated while in heat 
and were bred at the seeond following heat period 
(approximately 34 after 
the 14 ewes, 4 were inoculated intravenously and 
10 via either the uterine os or the anterior vagina 
(table 3). The inoeulum, irrespective of the in 
oculation route, consisted of half of the 48-hour 
l6-mm. agar slant, suspended in 
Strain 4849-X, which had just been re 
from an inoculated guinea’ pig that 
aborted, was used to inoculate all of the ewes, 
Nine of the ewes lambed normally, 4 
were not pregnant (dry), and 1 died from 
unknown cause in the third month of preg- 
nancy. Cultures from the ewe which died, 


. 


as well as from the fetuses in her uterus, 


Cwes were 


days inoculation). Of 


growth from a 
saline, 
isolated 


TABLE 4—Record of Inoculation of Ewes at 
Breeding Time 


Did not 
lamb 


Trial No, of Inoculation 


No ewes route Lambed Other 


Uterine 

Uterine 

i4 Uterine 

15 Uterine 

4 Intravenous 
46 


* Ewe 461 was killed four months after inoculation; 
she was not pregnant Uterine cultures were negative 
for Vibrio fetus 

t Ewe L-#0 died three days after she returned to heat 
and had been inoculated for the time Vibrio 
jetua was recovered from the horns of the uterus 


second 
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were negative for Vibrio. Uterine cultures, 
which proved to be negative for Vibrio, 
were made from the when they 
lambed. The fetal membranes from 7 of 
the ewes were obtained for culture and 
found negative for V. fetus. 

Two of the dry inoculated intra 
venously and two via the anterior vagina. There 
is a possibility that the high proportion of dry 
ewes was due to the low fertility of the aged ram 
T-9853, rather than as a result of the inoculation 
with V. fetus. Unfortunately, a 
was not made until the fall following use, when 
his semen was found to be of low quality. 

A month after inoculation, the 4 ewes 
inoculated intravenously showed the fol- 
lowing blood-agglutinin§ titers: W-—10k8, 
1:100; Z-30, 1:50; and Z—4 and T—3, both 
1:25. Two months after inoculation, the 
titer of T—3 was up to 1:100 but, at three 
months, none of the ewes showed a signifi- 
cant titer. The inoculated via the 


CWeS 


ewes were 


semen evaluation 


ewes 


vagina or uterine os did not show any re- 
sponse to the inoculation, 


INOCULATION OF Ewes av TIME OF BREEDING 


Viable suspensions of V. fetus were injected in 
travenously into 4 ewes and into, or against, the 
uterine os of 42 the time of breeding 
(table 4). Sinee the inoculation of these animals 
carried four different experiments, 
they will be considered separately. 

Trial 1,— Three inoculated by in 
jeeting suspensions of V. fetus into the uterine os, 


others at 


Wis out in 


ewes were 
just before breeding, while the ewes were in heat. 
of the (317 and 461) had previously 
received similar injections during the diestrous pe 


Two ewes 
riod, Strain 693, which was used to inoculate the 
third (461), had artificial 
mediums for eight months, but its viru 
the abortion of 7 
experiment, reeeived 
the Strain 


used to inoculate ewes 317 and 351, was recovered 


ewe been carried on 
retained 
lenee as shown by ewes which, 
intravenous in 


782, which 


in another 


jections of culture. wis 


ten days prior to use from an aborted fetus. 
Ewe 317 failed to lamb, and there was 
no evidence of early abortion. Ewe 461 
was killed four months after inoculation 
and found to be nonpregnant, Cultures 
from her uterus were negative for Vibrio 
Ewe 351 lambed normally and, although 
smears from a uterine swab revealed Vib- 
rio which resembled V. fetus, cultures were 
negative. 
Trial 2. 
suspensions of V. fetus aginst the uterine os im 


Ten ewes were inoculated by injecting 


cultures used were 
had 


previously and 


mediately after breeding. All 


strain 2052, which been iso 
from a fetus 


the lyophilized 


derived from 
lated 


earried in 


nine months 


state for six months. 


ies: 
aid 
et 
1 2 0 
12 2 0 
0 0 
Total 35 1 
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Of the 10 ewes, 5 were inoculated with a culture 
that was recovered from an aborting guinea pig 
(eulture 2173), and 4 with a culture reeovered 
from the liver of a guinea pig which died but did 
In each the inoculum 
a 16-mm. agar slant suspended 
titers 


not abort. consisted 
of the growth on 


Five ewes developed tow 


cause, 
in saline. blood 
which were not complete at any dilution. 

One ewe (1-89) was inoculated with a 
culture recovered from the epididymis of 
an inoculated ram. This ewe did not con- 
ceive as a result of the original breeding 
and returned to heat 17 days later, at 
which time she was rebred and inoculated 
with a suspension of strain 2094. Three 
days after the second inoculation, the ewe 
was found dead, probably because of bloat. 
Cultures from the horn of the uterus 
yielded V. fetus. 

Of the remaining 9 ewes, 8 lambed nor- 
mally and 1 was not pregnant. Cultures 
made at lambing time from vaginal swabs 
and from the cotyledons were negative for 
Vibrio. The dry ewe was carried through 
two pregnancies without evi- 
dence of infection. 

Trial 3.—-Ten 
uterine os soon after copulation and 4 just before 
2209, which 
at 


successive 


ewes were inoculated via the 


copulation. Culture was recovered 
from the 
used for all inoculations. The eulture was held in 
the lyophilized state for six then 
passed through 2 pregnant guinea pigs, producing 


abortion in each ease, prior to inoculation of the 


uterus of ewe necropsy, Was 


months and 


ewes. The inoculum for each ewe consisted of the 


growth on a i6-mm. agar slant, suspended in 3 mi. 
of saline. 

Of the 14 ewes, 12 lambed normally and 
2 were dry. One ewe (M-39), subsequently 
found to be dry, showed a blood titer of 
1:50 three and a half months after inocu- 
lation. At five months, the titer had 
dropped to partial agglutination at 1:25. 
The ewe was killed at this time; no evi- 
dence of pregnancy was found and ecul- 
tures from the uterus were negative for V. 
fetus. This was the only ewe that showed 
more than a trace of agglutination at any 
time during the experiment. The 15. re- 
maining ewes were carried through an 
additional pregnancy without evidence of 
infection. 

Trial 4.--Fifteen ewes 
uterine os and 4 intravenously, with suspensions 
of V. fetus, strain 4849, immediately after copula 
tion. Each ewe, regardless of the route of inoeu 
lation, received a saline suspension of one half of 
the organisms from a 48-hour, 16-mm. agar slant. 
This strain whieh had been lyophilized 
after isolation aborted lamb. Abortions 


were inoculated via the 


was 
from an 


one 


or THE RAM IN 


followed its use in pregnant guinea pigs in patho 
genicity trials just prior to this experiment. In 
another experiment in which the same strain was 
used, the intravenous inoculation of ewes in the 
third or fourth 
abortion in 6 of 7 

Of the 15 ewes inoculated via the uter- 
ine os, 9 lambed normally while 6 were 
dry. There was no evidence of abortion 
and uterine cultures made from the ewes 
that lambed were negative for V. fetus. 
All 6 of the dry ewes were bred the follow- 
ing fall and lambed normally without evi 
dence of infection. 

One of the 15 ewes (U-—-108) inoculated 
via the uterine os showed a titer of 1:800 
one month after inoculation. This titer 
Was maintained through the fourth month 
of pregnancy, but fell to 1:200 in the fifth 
month. She was killed one week after giv 
ing birth to normal twin lambs. Cultures 
from the heart blood, liver, spleen, kid- 
neys, udder, and uterus were negative for 
V. fetus. This was the only ewe inoculated 
via the uterine os which showed a titer of 
any significance. 

The 4 ewes which 
inoculations lambed normally. One month 
after inoculation 2 of the showed 
blood titers of 1:50. One ewe maintained 
this titer to the fourth month of preg 
nancy, While the other showed only a trace 
of agglutination after the first month 
None of the ewes showed complete avuluti 
nation at any dilution five months after 
inoculation, All 4 ewes were carried 
through an additional pregnancy without 


month of pregnancy resulted in 


ewes, 


received intravenous 


ewes 


evidence of infection. 


BREEDING WIth TNocULATED RAMS 
Ram H-4021 


suspension of 


Intravenously Inoculated Rama. 
was inoculated intravenously with 
4000 with a suspension of 


through 


strain 2102 and ram L, 
strain soth 
pregnant guinea pigs, producing abortion just be 
fore Ram H-4021 was 
placed with 10 ewes 22 days after inoculation 

All of the 10 ewes lambed normally and 
none showed agglutinins in the blood, The 
ram was killed three months after inocu 
lation and cultures from his blood and 
genital organs were negative for V. fetus, 
Nine days after inoculation the ram 
showed a titer of 1:800, which fell to 1:50 
by the time of necropsy. 

Ram [4000 started breeding a lot of 10 
ewes nine days after inoculation. During 
the time that the ewes were being bred, 


strains were passed 


inoculation of the rams. 
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semen was collected twice and cultured for 

fetus with negative results. All of the 
ewes lambed normally although 2 devel- 
oped titers of 1:25. The ram showed a 
titer of 1:200 one week after inoculation 
but, at three months, the titer had dropped 
to partial agglutination at 1:50. The ram 
died from other causes 11 months after in- 
oculation and cultures from the genital 
organs were negative for V. fetus. 

Rams Inoculated via the Genitals.—Ten 
ewes were bred to ram L,-5040, nine days 
after a suspension of strain 2209 was in- 
jected into the epididymis and vas defer- 
rens. The ram developed a blood titer of 
1:1,600 by the time breeding started. All 
of the 10 ewes lambed normally and none 
developed titers. The ram was used in the 
two following breeding seasons without 
evidence of having transmitted vibriosis. 
Twenty-eight months after inoculation, the 
animal was killed and cultures of the gen- 
italia were found negative for V. fetus. 
The blood titer at that time was 1:200. 

Ram H-4024 received an intratesticular 
injection of strain 2102, 22 days before he 
was placed with a lot of 10 ewes. Of the 


Month 


Strain inoculated 


Marsu— 


TABLE 5—Ewes Inoculated Intravenously at Different Stages of Pregnancy 


im. J. Ver. Res 
1956 


TUNNICLIFF 
10 ewes, 7 lambed normally while 3 were 
dry. None of the ewes developed agglu- 
tinin titers. The ram was killed three 
months after inoculation. Vibrio fetus was 
isolated from the right epididymis, which 
was enlarged to approximately four times 
the normal size. This was the only 1 of the 
4 inoculated rams from which V. fetus was 
recovered. 
INSEMINATION WITH INFECTED SEMEN 
inseminated with semen to 
fetus, strain 4532, 


Sixteen ewes were 
which viable suspensions of V. 
had been added, 

Of the 16, 11 
result of the 


conceived as a 
single insemination and 
lambed without evidence of vibriosis; 1 
ewe (X-—107) was dry; and 4 returned to 
heat and were rebred but not reinoculated. 
All 4 lambed normally. 

Uterine cultures made after lambing 
from 14 of the ewes were found negative 
for fetus. The remaining ewe which 
lambed was not cultured. The fetal mem- 
branes from & of the ewes were cultured 
and were also found negative bacteriologi- 
cally. 


(68.75 %) 


Abortion, days 
Tnoculum* after inoculation 


Result 


4n40 


8 
2209 


* Cultures were grown on 16-mm 
20-mm, slants. 
from a 24-hour growth 

' The growth on agar slants was suspended i 
equivalent to MeFarland tube No. 5 


agar slants, 


Forty-eight hour cultures were used, 
Suspensions in physiological saline were made shortly before 


Lambed 
Lambed 
Lambed 
Lambed 
Aborted 
Aborted 
Aborted 
Aborted 
Aborted 
Lambed 
Aborted 
Dry 
Lambed 
Lambed 
Lambed 
Lambed 
Aborted 
Aborted 
Lambed 
Died, 24 hr 
Aborted 
Aborted 
Aborted 
Aborted 
Aborted 
Aborted 
Aborted 
Aborted 
Aborted 
Aborte od 


slant 
slant 
slant 
slant 
slant 
slant 
slant 
slant 
slant 
slant 
slant 


mit 
mi.? 
mil.? 
mil.? 
slant 
5 slant 
slants 
slant 
slant 
slant 
slant 
slant 
slant 
slant 
slant 
slant 


slant 


5 ‘which was grown on 
2209 which was made 


with “the exception of strain 
with the exception of strain 
use 
photoelectrically 


n saline and adjusted to a turbidity 


one 
Ewe 
No 
1 Z-RO 1 
1 Z-35 1 
1-28 
2 
1 
17 
4-166 1 , 
4-62 5 
a Z-170 1 
24 
4532 W-13 
X—40 
X-120 
X-12 
Z-114 17 
225 413 24 
239 
853 
356 a4 
60% 415 60 
339 a9 
501 41 
S000R 27 
453 60 
a 457 5 
1879 32 
J-16 60 
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Three ewes, including the dry ewe (X 
107) and 2 which were rebred (U-85 and 
('-122), showed low blood titers. Ewe X 
107 showed a titer of 1:25 14 days after 
she was inoculated but lost the titer by the 
end of the first month. Ewe U—&85 showed 
a titer of 1:25, 21 days after inoculation, 
but, at 56 days, it had dropped to partial 
agglutination at 1:25. Her titer remained 
at this level until lambing time, when it 
rose to 1:50. 

The third ewe, U-122, did not show a 
titer until lambing time, when she devel- 
oped a titer of 1:50. It is possible that the 
low titers developed by these animals indi- 
cated infection and possibly some interfer- 
ence with conception, as 1 was dry and the 
other 2 were rebred. The rise in titer at 
lambing time, although cultural evidence 
of infection could not be found, may have 
been due to a physiological response asso- 
ciated with parturition. 


INTRAVENOUS LNOCULATION OF PREGNANT EWES 
Thirty pregnant ewes were inoculated intra 
venously with a saline suspension of V. fetus at 


various stages of pregnaney (table 5). Of the 30 
ewes, 11 were placed in three groups which were 
inoculated with $840, one, two, and three 
months, respectively, after breeding. 

The 4 ewes inoculated when one month 
pregnant lambed normally, while 6 of the 
7 ewes inoculated when either two or three 
months pregnant aborted. Ewe Z-170, in- 
oculated when three months pregnant, 
lambed normally. Uterine cultures at 
lambing time from ewes which lambed nor- 
mally were negative for Vibrio. Abortions 
occurred from two to 24 days after inoeu- 
lation in the aborting ewes. Vaginal swabs 
positive for V. fetus on culture were not 
obtained from any of the ewes more than 
five days after abortion. One ewe died on 
the fifth day after she aborted, possibly 
due to a secondary infection. Two ewes 
(Z-68 and Z-166) were killed five months 
after they aborted. Cultures from the 
heart blood, gallbladder, liver, spleen, kid- 
neys, udder, ovaries, uterus, cervix, and 
vagina of both animals were negative for 
Vibrio. The remaining 8 ewes were carried 
through an additional pregnancy without 
evidence of infection. 

A second attempt was made to produce 
abortion in ewes at the end of the first 
month of pregnancy. Five ewes were inoe- 
ulated intravenously with suspensions of 
strain 4532 one month after they were 


strain 


or THE IN ViBRIOSIS 


ewes, 4 lambed normally 


Of the 5 
and 1 was dry. Uterine and placental cul- 
tures made at lambing time did not reveal 


bred. 


evidence of infection. A sixth ewe (Z 
114), inoculated with the same strain 


while in the fourth month of pregnancy, 
aborted 17 days after inoculation. Vibrio 
fetus was isolated from the fetal mem- 
branes and from the twin fetuses. 

A total of 13 ewes were inoculated either 
during the sevond or the third month of 
pregnancy, using V. fetus strains 225, 693, 
and 2209, Of the 13 ewes, 11 aborted from 
vibriosis at periods of five to 60 days after 
inoculation; 3 of them aborted 60 days 
after inoculation while only 3 aborted in 
less than 30 days after inoculation. One 
ewe (353) died 24 hours after inoculation, 
while another (339) lambed normally. The 
ewe which died was inoculated with the 
growth from three 20-mm. agar slants, a 
much heavier inoculum than was used on 
any of the other ewes. The ewe that 
lambed received one fifth of the growth 
from a 20-mm. agar slant, the smallest 
amount of inoculum used. 


DiscussiION 


The investigation of vibriosis at the 
Montana Experiment Station in 1942 re 
vealed that 12 of 14 lots of ewes devel 
oped vibriosis after a different ram was 
used to breed each lot (table 1). Con 
sequently, if the rams were the source of 
ewe infection, 12 of them were infected 
with V. fetus. Although this could con 
ceivably occur, it was considered unlikely 
Two of the rams which each bred a second 
lot of ewes had abortions in the first lot 
but not in the second. If the rams were in 
fected, it would seem unlikely that the sec 
ond lots bred would escape infection. The 
rate of abortions in the nine lots of ewes 
bred on October 27 was 18.5 per cent, 
while it was only 2.6 per cent for the 11 
lots bred on November 12 or 15. The rea 
son for this significant difference in rate 
of infection is not known. 

In the same epizootic, abortions occurred 
in each of five lots of ewes that were bred 
by separate groups of rams, although each 
group represented a different breed of 
sheep. 

The 1952 vibriosis epizootic at the U. 8. 
Sheep Experiment Station indicated that 
if the rams were the infective source, it 
that 112 of the 116 


would be 


necessary 


a 
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rams used were carrying the organism at 
breeding time. Again, this proportion of 
infected rams was considered improbable. 

The 14 ewes which were inoculated with 
V. fetus two heat periods prior to breed- 
ing, either via the uterine os or intrave- 
nously, did not abort. However, 4 were not 
pregnant, 2 from each group, possibly due 
to the low fertility of the ram used, or as 
a result of the exposure to the organism. 
Of the 4 ewes inoculated ifitravenously, 3 
developed blood titers of 1:50 or higher 
following inoculation, but the titers dis- 
appeared by the third month. 

Although none of the 46 ewes which 
were inoculated at the time of breeding 
aborted, the number of dry ewes (11) was 
unusually high. This was particularly so 
in trial 4, where 6 of 15 ewes inoculated 
via the uterine os did not lam! \Ithough 
none of these dry ewes showed blova titers, 
it is possible that the organism established 
itself long enough to cause a. sterility 
problem. 

Infertility is an important aspect of the 
syndrome of bovine vibriosis but, as yet, 
the investigation of natural outbreaks has 
not revealed a similar situation in sheep. 


Losses in sheep are due to abortions, which 
usually oceur in the fifth month of preg- 
naney, or to weak or dead full-term lambs. 
The high proportion of dry ewes in some 
of the inoculated groups could be due to a 


situation similar to that found in bovine 
vibriosis. Sterility in sheep due to vibrio- 
sis may be greater than is suspected, or it 
may be that, in nature, ewes become in- 
fected during pregnancy rather than at 
breeding time resulting in a problem of 
abortion rather than one of infertility. 

The failure to transmit vibriosis by 
breeding to rams that were experimentally 
inoculated is of doubtful significance due 
to the fact that the organism was definitely 
established in only 1 ram. Vibrio fetus 
was reisolated from the epididymis of this 
ram three months after inoculation, but 
there was no proof that the organism was 
being eliminated in the semen during the 
breeding time. 

The failure to produce vibriosis by in- 
semination with suspensions of semen and 
V. fetus confirmed the results from the 
four experiments in which ewes were in- 
oculated at the time of breeding. It seems 
difficult, if not impossible, to produce 
abortion by inoculation at breeding time. 
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Field investigations and experimental 
work indicate that the ram is not the prin- 
cipal source of ewe infection. 

The intravenous inoculation experi- 
ments revealed that although abortions 
can be produced quite readily by inocula- 
tion in the second, third, or fourth month 
of pregnancy, ewes are quite resistant to 
infection during the first month (table 5). 
This is in agreement with the results ob- 
tained by Lindenstruth ef al..° who found 
that ewes early in pregnancy were not as 
readily infected by feeding cultures or by 
intraperitoneal injections as ewes late in 
pregnancy. Lee and Serivner"' produced 
abortion in 4 of 5 ewes fed cultures in the 
fourth month of pregnancy, while 3 ewes 
which were fed cultures in the second or 
third month lambed normally. Although 
MeFadyean and Stockman' apparently es- 
tablished infection early in pregnancy, it 
would appear that it can be done only 
with difficulty. 

The failure of aborting ewes, as well as 
inoculated ewes which were dry, to show 
evidence of infection the following season 
is in agreement with the findings of Marsh 
et al’* The observation that at least the 
majority of infected ewes lose the infee- 
tion before the next lambing season is also 
substantiated by the failure to isolate V. 
fetus from the vaginas of aborting ewes 
for more than a short period following 
abortion and by the results of cultures 
made at necropsy of 2 ewes five months 
after abortion. 

Unpublished work carried out at the 
Utah Experiment Station '* and the Mon- 
tana Veterinary Research Laboratory has 
shown that rams may harbor Vibrio sp. in 
the preputial mucus that are similar in 
morphology to V. fetus. These organisms 
are Hi,S-positive and catalase-negative, 
while V. fetus strains are H,S-negative 
and catalase-positive. Preliminary work 
indicates that these organisms are not in- 
volved in vibrionic abortion and are prob- 
ably similar to the organisms isolated from 
the reproductive tracts of cows and bulls 
by Bryner and Frank."' 


SUMMARY AND CONCLUSIONS 


1) Abortions occurred in the majority 
of the lots of ewes in two natural epizo- 
oties of vibriosis in flocks that were di- 
vided into small breeding lots. If the rams 
were the source of the infection, the ma- 
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jority of them were infected, which was 
considered unlikely. 

2) Fourteen ewes were inoculated, 4 in- 
travenously and 10 via the uterine os, dur- 
ing the second heat period prior to breed- 
ing. Although none of the ewes aborted, 
4 did not have lambs, possibly as a result 
of temporary infection. 

3) At breeding time, 4 ewes were inocu- 
lated intravenously and 42 via the uterine 
os. Although none of the 46 ewes aborted, 
11 did not lamb, possibly due to sterility 
resulting from a temporary infection. 
Eight of the 11 were carried through 
another pregnancy without evidence of 
infection. 

4) The investigation of naturally occur- 
ring vibriosis has not indicated a sterility 
problem such as is found in bovine vibrio- 
sis, but rather one of abortion late in preg- 
nancy. However, the high proportion of 
nonpregnant ewes in some of the experi- 
mentally inoculated groups may have been 
due to transitory infection. 

5) The insemination of ewes with semen 
containing pathogenic Vibrio fetus or- 
ganisms failed to result in abortion. 

6) The intravenous inoculation of ewes 
in different stages of pregnancy showed 
that ewes are resistant to infection during 
the first month of pregnancy, but are quite 
readily infected during the second, third, 
or fourth month. 

7) Ewes which neither aborted nor 
lambed following inoculation with V. 
fetus, as well as ewes that aborted follow- 
ing inoculation, were carried through an 
additional pregnancy without evidence of 
infection. 


8) Both field and experimental findings, 
indicate that the ram is not the source of 
ewe infection. The relative ease with which 
abortion can be produced by inoculation 
late in pregnancy indicates the possibility 
of natural infection during gestation from 
infected premises or some other as yet un- 
determined source. 
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An Important Stage in the Development of the Os Cornu 
(Bone Core) of the Horns of the Sheep 


A. N. GEORGE, M.V.Sc., Ph.D. 


Edinburgh, Scotland 


THe MOST important and interesting fea- 
ture in the development of the os cornu 
in the sheep is the formation of bone in 
the mesenchymal analage over the area of 
the horn site on the frontal bone of the 
skull. In the initial, unusual step, carti- 
lage appears in the superficial stratum of 
the intramembranous frontal bone. 

This phase in the primordium of the os cornu 
has been remarked upon by several workers in 
the development of hollow horns of the ox, sheep, 
and goat" The work was mainly of mi 
croscopic character and a large number of sheep 
heads were required for sectioning. The material 
used from a few weeks to full 
development, and 40 sheep heads varying in age 
from a few hours to 5 years. 

The tissue fixed in 5 per 
hyde, deealeified by either Carleton’s method * or 
Clayden’s method,’ embedded in paraffin, sectioned, 
and stained with haematoxylin and eosin or saf 


was 50 fetuses, 


wis cent formalde 


ranine and thionine, 

Histological examination of successive ages of 
fetuses indicates that a thickening of the frontal 
can be recognised in the 
development while in the 


bone in the horn site 
male at 90 to 100 days’ 
female it is not recognised until the first or see 
after birth. This thickening of the 
bone in the horn site is the primordial 
The bone spicules in this thiek 
horizontally arranged and are 


ond week 
frontal 
frontal pedicle, 
ened region are 
parallel to the outer surface of the frontal bone. 
As the fetus frontal 


pedicle becomes thicker and at the same time the 


male advances in age, the 
most superficial bone spicules, which are close to 
the periosteum, change gradually from the hori 
zontal to the vertieal direetion (fig. 1.). At 110 
to 120 days, the first sign of the future horn core 
can be reeognized as cartilage cells formed on the 
superficial layer of the frontal bone which until 
(fig. 2 
The cartilage formation is seen only in 


now is of intramembranous development 
and 2a), 
the elevated part of the frontal bone whieh later 
will be the frontal This 


Se development of the os cornu, the occurrence 


pedicle. peculiarity of 


of”intramembranous and endochondral ossification 


From “hes Department of Anatomy Royal (Diek) 
School of Veterinary Studies, University of Edinburgh, 
Scotland 

I express my thatiks, to Professor T. Grahame, in 
Department this work .was carried out, for his 
My thanks are also to Mr 
Hood for 


Asso 


whose 
advice and encouragement 
EK. Reberts for his technical advice, to Mr. R 
the photographs, and to Animal Diseases Research 
ciation for making available such material as | required 


forming at the same time in the frontal bone, was 
also recognised in the antler of the deer as stated 
by Macewen * and Noback.” Macewen said “From 
the germinal layer the osteoblasts may evolve into 
bone direetly, or through an intermediary 
cartilaginous stage, from which they beeome finadly 
These two methods of direct 


piss 


converted into bone. 
and indirect transference of osteoblasts into bone 
be seen in the same antler at the same time, 
This im 


summa 


may 
though usually at some distance apart.” 
portant point can be explained by first 
rizing the two formation 
then comparing them with the development of the 


methods of bone and 
os cornu in the sheep. 

The development of membranous bone as stated 
by Jordan and Kindred,” Cajal,” Arey,’ Maximow 
and Bloom,” Trautmann and Fiebiger,” and Ham“ 
begins when a cluster of mesenchymal eeclls dif 
ferentiate After the 
appear, it is not long before some of them secrete 


into osteoblasts. osteoblasts 
or deposit the bone matrix in the form of bone 
spicules. Some of the osteoblasts surround them 
with the intercellular 
come differentiated 
while the proliferate and 


selves substances and be 


into osteocytes or bone cells 


others arrange them 


i—Male ovine fetus, 120- to 130-day stage. 
The uppermost bone spicules of the frontal bone at 
the horn site beginning to attain a vertical direc- 
tion to the outer surface of the frontal bone. 
1—Periosteum; 2—bone spicule vertically placed; 
3—bone spicule horizontally placed. 
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selves in an epithelioid layer upon the surface of 
the bone spicules already formed. This process goes 
on continually until the bone is fully 
For a long time the membranous bone has a spongy 
character. It consists of irregular plates and bars 
which branch and unite with one another. The 
spaces between the bone spicules are filled with 


developed. 


embryonie connective tissue rich in blood vessels 
and dividing cells. This tissue is gradually trans 
formed into myeloid tissue with osteoclasts. The 
surrounding the growing bone 
As the bone spicules 


connective tissue 
gives rise to the periosteum. 
increase in size and thickness, the spaces between 
them are narrowed, Thus, the 
character of the spongy bone will change from a 
structure consisting of large spaces with little bone 
to one of narrow spaces with much bone. When 
bone becomes the predominant feature of the tis- 


correspondingly 


sue, it is said to be compact or dense bone. In 
this manner are developed the dense deep or inner 
and the superficial or outer compact plates of the 
frontal bone, with spongy bone joining the two. 

The development of cartilage begins when the 
mesenchymal cells (connective tissue cells) become 
rounded, lose their cytoplasmie processes and are 
packed together, Each cell thin 
capsule around itself; the blended capsules e¢om 
pose the first 
which is laid down in increasing amounts between 
the cells, and gradually pushes them apart. The 
mesenchyme surrounding the cartilage primordium 
forms a special which 
merges gradually with the cartilage on one side 


closely forms a 


matrix or intercellular substance, 


layer, the perichondrium, 


and the adjacent embryonic connective tissue on 
the other. 

This microseopie picture of the osseous tissue 
of the frontal bone in the region of the primordial 
os cornu shows the first sign of cartilage forma 


Fig. 2a—Early stage of 
cartilage formation at the 
horn site of a 130- to 140- 
day male ovine fetus. 
i—Perichondrium; 2— 
cartilage cells. 


DEVELOPMENT OF Os CoRNU IN SHEEP 


Fig. 2—First stage of cartilage formation at the 
horn site of a 110- to 120-day male ovine fetua 
x 145. 
1—Perichondrium; 2—<cartilage cells; 3—bone 
spicules. 
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Fig. 3—Cartilage cells of 


150-day male 


fetus. x 520. 


140- to 


ovine 


Fig. 4—Cartilage formation 
(primordial os cornu) ef a 


140- to 150-day male ovine 


x 110. 


fetus. 


1—Dermis; 


2-—perichon- 


drium; 3—cartilage cells. 
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Fig. 4a—Cartilage trabe- 

culae (os cornu) of a 

first- to second-week male 
ovine fetus. x 100. 


The cells of the deeper mesenchymal layer, 
upper surface of the previously 
spicules, come together and 


tion, 
covering the 
formed bone 
lose their protoplasmic processes, become rounded, 


close 


and seerete a thin capsule about themselves. These 
cells begin to form the intercellular substance of 
the eartilage which is clearly demonstrated (fig. 


Fig. 5—Apex of the os 
cornu of a 4 to 6-week 


male ovine fetus. x 260. 
1—Cartilage trabeculae; 
2—bone spicules. 
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2 and 2a), The cartilage formation is the first 
sign of the primordial os cornu which will develop 
from a separate eartilaginous cénter laid on the 
osseous tissue of the frontal process, 

During the rest of the gestation period of the 
male fetus, ic., between the age of 120 to 145 
days, the cartilage eells are formed in inereasing 


A. N. GeorGe 


Fig. 6—C 
advanced stage of replacement by bone (8- to 12- 
week male ovine fetus). x 220. 


numbers at the apex of the cone-shaped process 
of the frontal bone, and lie close to the perichon 
drium on one side, and to the previously formed 
bone spicules on the other. The cartilage cells are 
more or less spherical, are surrounded by a thick 
capsule, and have a shrunken nongranular eyto 
plasm (fig. 3). 

Because of the activity of the perichondrium 
during the first few weeks after the birth of the 
lamb, the cartilage cells are formed in increas 
ing numbers, and are closely gathered into large 
groups forming cartilage trabeculae, which are 
seen all along the superficial surface of the cone 
like process of the frontal bone (fig. 4 and 4a), 
The cartilage trabeculae are arranged in a posi 
tion vertical to the free surface. Close to the 
perichondrium, the cartilage cells more or 
less flattened, while deeper down they are more 
rounded, The ground substance is searee in the 
newly formed cartilage masses or trabeculae, while 
in the deeper or previously formed ones it appears 
as a solid mass in which separate cartilage cells 
are seattered at some distance from one another. 
The perichondrium surrounding the cartilage sends 
down cords of mesenchymal cells to become con- 
nective tissue between the cartilage strands. The 
superficial layers of the perichondrium consist of 
densely arranged collagenous connective tissue, 
while its deeper layers show some cartilaginous 


are 
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characteristics, forming chondroblasts and chon- 
droeytes. 

The growth of cartilage takes place in two dif- 
ferent ways as stated by Ramon-Cajal,”” Maximow 
and Bloom,” Trautmann and Fiebiger,” and Ham.” 
The first is interstitially, in which the mature ear 
tilage cells divide and give rise to new eartilage 
cells. The latter cells can in turn give rise to new 
cartilage cells and to more intercellular substanee. 
The second is by appositional growth, in which 
new layers of cartilage are apposed to one of its 
surfaces. This depends on the activity of the peri 
chondrium which keeps transforming layers of 
connective tissue into cartilage. From examining 
the stages of cartilage formation in 
sections, the writer the conclusion that 
the growth of cartilage in the horn of sheep is 
through the appositional mechanism. It is clear in 
the suecessive ages of 140 to 150 days of prenatal 
life and during the first 2 to 6 weeks of the 
postnatal life of the sheep that the perichondrium 
is very active. It continues to add new cartilage 
cells as mentioned before. At the same time, bone 
tissue begins to replace the older cartilage tissue. 

This replacement of cartilage by bone is ree 
ognized for the first time at this stage and be 


successive 
came to 


Fig. 7—Osseous tissue at the apex of the os cornu 
of a 16-week female ovine fetus. x 260. 
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comes clearer as the lamb reaches the age of 6 
weeks. At this age, the osseous tissue of the 
growing os cornu presents two stages of develop 
ment of cartilage. The outer zone, which is close 
to the perichondrium, is still forming new ecarti 
lage cells, especially in the region of the apex 
(fig. 5). The aetivity of the perichondrium in 
forming cartilage cells is not as great as in the 
previous stages and, moreover, decreases as it is 
traced towards the base of the os cornu. In the 
middle or central zone of the os cornu, the previ 
ously formed cartilage is being replaced by bone 
in the usual manner as stated by Ramon-Cajal,”” 
Maximow and Bloom,” Trautmann and Fiebiger,” 
and Ham.” 

In female horned sheep, the first sign of ecarti- 
lage formation in the horn site can be recognised 
in lambs of 2 to 3 weeks of age. The process of 
cartilage formation and its growth resembles that 
deseribed in male lambs. 

At the age of 12 weeks, in both sexes, no more 
cartilage is formed and the previously formed 
cartilage is gradually replaced by bone (fig. 6 
and 7). 

There are different views on the method of 
development of the bone core in hollow horned 
animals; a review of the literature reveals three 
different theories. 

The first theory is supported by You- 
att,*' Lataste,'' Durst,® Zietzschmann,”* 
and Brandt.’ These authors state that the 
bone core in cavicorn animals develops 
through intramembranous ossification with 
no separate center from the frontal bone; 
it is not an independent bone but only a 
part of the frontal bone. Durst supported 
this theory by explaining that the horn 
core begins with a thickening in the pre- 
osseous substance in the horn site, that the 
thickening of the bone is due to the rapid 
proliferation of the preosseous tissue of the 
outer stratum of the frontal bone, and that 
intramembranous ossification occurs when 
this preosseous tissue grows into lamellae 
on the external layer of the frontal bone. 
From this, Durst concluded that the bone 
core is not an individual bone but is only 
a part of the frontal bone. 

The second theory is that the bone core 
originates by intramembranous ossification 
but with an independent center of ossifi 
cation separate from that of the frontal 
bone. This was the idea of Fambach,’ 
who stated that the frontal pedicle is 
first formed in the horn site, then the 
osteoblasts in the horn site penetrate the 
periosteum, and the subcutaneous connec- 
tive tissue forms an isolated bone nucleus, 
which is the os cornu, and that the supra- 
periosteal activity continues until the re- 


maining periosteal stripes have become 
ossified. 

The third theory, which agrees with the 
writer's findings, assumes the development 
of the bone core from an independent car- 
tilaginous center, which soon becomes in- 
distinguishably connected with the pedicle 
of the frontal bone. This theory was sup- 
ported by Sandifort,'’® Numan,"* Nitsche,'* 
Gadow,* Atzkern,’ and Ottolenghi.’ Their 
statements refer to hollow-horned animals, 
which include mainly the ox, sheep and 
goat. 
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Physiological Studies of the Vagal Nerve Supply to the 
Bovine Stomach 
III. Procaine Effects on the Dorsal Vagal Trunk 


C. E. STEVENS, D.V.M., M.S., and A. F. SELLERS, V.M.D., Ph.D. 


St. Paul, Minnesota 


THE TECHNIQUE of applying electrodes to 
the vagus nerve previously described ' ap- 
peared to lend itself to further study of 
the eruetation mechanism.’ For this pur- 
pose, two sets of electrodes were applied 
to the dorsal vagal nerve trunks of normal 
adult cattle as described below. Each elec- 
trode assembly consisted of an empty poly- 
ethylene tube in addition to, and accom- 
panying, the insulated wires. This extra 
tube was used for the purpose of injecting 
procaine hydrochloride solution to pro- 
duce a nerve block anterior or posterior to 
the point of electric stimulation, 


MATERIALS AND Mernops 


Thoracotomies were performed on 5 adult grade 
dairy cows and on 1 grade Hereford steer for the 
placement of double eleetrode assemblies on the 
vagal trunk. Three of these 6 animals 
for the studies here reported, One 
during anesthesia, (Chloral hy 
intravenously in 5% 
One animal 


dorsal 
were used 
death oeeurred 
drate was used 
death was from respiratory failure.) 
was disearded because of injuries suffered while 


solution; 


coming out of general anesthesia; a third animal 
(steer) was sent to slaughter when it was found 
that the eleetrode assemblies had not remained in 
place around the nerve trunk, 

The animals these 
surgically prepared by a series of two operations: 
the first to prepare a rumen fistula, and the see 
ond a thoracotomy to apply the eleetrodes to the 
thoracie vagus. The proceedure of the thoracotomy 
that previously de 


sets of 


used in experiments were 


was essentially the same as 
scribed,’ exeept that two 
applied to the dorsal vagal nerve trunk; one set 
was approximately 10 anterior to the dia- 
phragm, the other set approximately 10 em, an- 
These electrode assemblies each 


electrodes were 


terior to the first. 
consisted of three 18-gauge silver wires® enclosed 
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macology, 
the director, 


cellulose? was 
wire and the 


infection. 


tubing.*" Methyl 
between the 
possible ascending 
then braided 
intertwined 


in polyethylene 
injected into the area 
tubing to 
The three electrode and 
the empty tubing The 
free ends of the wires and the tube were brought 
out through the thoracie wall and, after injecting 
2 mi. of erystalline penicillin (200,000 units) into 
the empty tubing and sealing its end with a flame, 
subeutis. In the 


prevent 
wires were 


with these. 


the assembly was buried in the 
last animal operated upon, the tubing from one 
electrode was entwined with the wires of the other 
electrode, to obviate a second incision at the time 
of administering procaine, 

The 3 animals allowed a 
of two to three and then 
experimental purposes at) approximately 
intervals. Their experiments re 
quiring vagal stimulation, extended to five and «a 
half months for 1 animal; the other 2 are still 
being used after two and a half and one and a 
half months, The 
fulness for experiments requiring two functional 
sets of electrodes on the dorsal vagal trunk, how 
ever, appeared relatively short (4 to 6 weeks), 
This will be discussed at length below, 

On the day of a given experiment, an 
recording of 


were period 


weeks, 


recovery 
used for 
weekly 


were 


usefulness, for 


respectively. duration of use 


animal 
was prepared for the pressure 
changes in the anterior and posterior dorsal saes 
of the rumen, Nitrogen 
was insufflated through «a 
Dougherty rumen plug at a constant rate of flow, 
selected to induce regular eructation without a rise 


reticulum, and eardia, 


into the rumen sealed 


Using aseptic technique 
of the 
testing for 


in intraruminal pressure. 


and local anesthesia, the free ends wires 
and the tubes were After 
wire breakage with an ohmmeter, two of the wires 
terminals of an electronic 


A microphone was placed 


isolated, 
were connected to the 
square-wave stimulator. 
over the esophagus just posterior to the pharynx, 
and the amplified events in the esophagus were re 
eorded independently, using a signal marker with 
a remote control switch (graphs 1 and 2, bottom 
line). 

The general 
sisted of recording pressure changes and base line 
pressure before, during, and following the admin 
istration of 4 per cent procaine hydrochloride so 


experimental proecdure then con 
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lution on to the dorsal vagal trunk, In the trials 
involving study of the effects of nerve stimula 
tion, the pretreatment recordings consisted of 
both nonstimulated and stimulated periods, The 


per 
represe 


procaine solution was then injected on to the 
nerve via the eleetrode not being used for stimu 
lation. After recording the effeet of procaine 
application, the nerve again was subjected to the 
sume eructation stimulus. The stimulus was con 
tinued until the rumen presure returned to zero, 
or until it beeame apparent that littl or no ef 


» effects 
represent events occurring 


sal Vagal Trunk 
pressure ( 
a five-minute 


Effect on rumen base line 


ation 


feet was being obtained, 
Due to the time and expense involved in surgi 
cally preparing subsequent!y maintaining 


onds 


these animals, it was sometimes necessary to use 
the animals for other experiments on the same 
day these trials were eondueted. However, in 
those enses, the animals were allowed to com 


The 


values computed during stin 


Change 


mm time 


minute 


pletely reeover normal ruminal aetivity before 


During* 


change 


performing these trials. 
The stimulus selected was that which, in the in 


rate 


»wing procaine 


dividual concerned, would increase the eruetation 


Effect on rumen contraction 


rate and, if possible, the rate of rumen contrac 
tion, with a minimum of applied voltage. Stimuli 
having a frequency of 10 per second, a pulse 
duration of 0.5 millisecond, and voltage ranging 
from 40 to 100 volts were used in the present 
series. It appeared that intermittent stimulation 
of two to three seconds’ duration, followed by 
pauses of the same duration, was more effective 


Kefore* 


The 
mm 


stimulation 


nistration 


values represent averages computed from events occurring over 


im pressure 


than continuous stimulation over the same total 


minute 


time. 

At the completion of an experiment, the elee 
trode wires and the tubing for procaine injection 
were cut short, Then 5 mil. of erystalline penieil 
lin (500,000 units) was placed in the tubes and 


Thes: 


During 


rate 
procaine 
chang 


Effect on eructation 


d P 


Before* 


they were fused shut at the terminus with a flame. 
These were then replaced subcutaneously, penieil 
lin-streptomycin ointment placed the surgieal 


minutes after 


two to ten minutrs 


wound, and the ineision closed with two No 


nk 
nk 
nk 
nk 
ig second) 


chromie catgut sutures. 


to 


(anterior 


( posterior 


Resuits 


nerve 
ten 


In seven trials of the 3 animals (table 
1), the application of procaine to the dor 
sal vagal nerve trunk in all cases resulted 
in some degree of decreased eructation effi 
ciency with an increase of 8 to 45 mm. Hy 
in base line pressure in the posterior dor 
sal rumen sac. The effect of procaine on 
eructation, in so far as the single criterion 
of rate (as distinguished from over-all 
efficiency of eructation) was concerned, 
was variable, consisting of an inerease in 
three trials, a decrease in three trials, and 
no change in one trial. However, the ani 
mals showing an increased eructation rate 
attained the highest intraruminal pres- 
sures. The increased intraruminal pres- 
sure was also accompanied by an increase 
in rumen rate in all but one trial, in which 


lation 
procaine 


pressure 


stimulation (posterior ) 
starting 


stimulation (posterior 


stimulation 


iterior 
effect produced 
period 
from 
line 


base 


Procedure 


(anterior 
(antenor 


t 


Stimulation alone 
im rumen 


Stimulation alone 
Stimulation alone 
Procaine 


Procaine 


change 


intervals of stimulation varying 
of 


Values obtained just prior to treatment 


Values obtained during 


events occurring over a five 
Rate 


during 
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a relatively small increase (9 mm. Hg) 
in rumen pressure occurred (No. 846, 
table 1). 

Stimulation of the dorsal vagal nerve 
trunk previous to treatment with procaine 
was associated with a definite increase in 
the rate of eructation in all four trials, 
and an inerease in rate of rumen contrac- 
tion in three of four trials. 

Following the administration of —pro- 
caine, stimulation was attempted posterior 
to the point of nerve block in three trials 
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and anterior to the point of nerve block in 
one trial. The animals bloated to varying 
degrees in all four trials (table 1) with 
visible and palpable distension of the 
flank. The effect of stimulation seemed 
dependent upon the point of stimulation 
relative to the point of procaine block. 
Stimulation of the nerve trunk posterior 
to the point of procaine application was 
accompanied by slight increases in the rate 
of eructation in 2 animals and a marked 
increase in the third. The rumen base line 


RETICULUM) 


He} 


Stimulus 


Graph 1—Effects of procaine application to the dorsal vagal trunk anterior to point of elec- 


tric stimulation in an unanesthetized adult Guernsey cow. 
Simultaneous recordings of pressure changes (reading from top to bottom) in posterior dorsal rumen 
sac (gas pocket), anterior dorsal rumen sac (floor), reticulum (floor), and antrum of the cardia 


Record A shows spontaneous motor events, prior to 
occurring on both primary and 


procaine application. Eructations (marked E) are 
secondary rumen contractions 


necord B was taken 20 minutes after injection of 4 per cent procaine into the anterior electrode assembly 


bloating 


At stimulus, the dorsal vagal trunk was stimulated through posterior electrode assembly An eructation 


response is seen (signal marker, bottom line), but 


eructations appear inefficient, since rumen base line 


pressure comes down slowly. Nitrogen insufflation rate, records A and B, was 5 liters per minute 
Stimulus used: 10 cycles per second, 0.5 millisecond pulse duration, 100 volts. Horizontal axis, 1 large 


division 5 seconds; vertical axis, 1 large division 
tom line): 1 mark eructation; 2 marks 


5 mm. of mereury pressure. Signal marker (bot 
swallow; long mark start of stimulus 
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pressure remained elevated in animal 846 
and decreased slowly upon long, continued 
stimulation in the other 2 animals tested 
(1004, 1362). The animal showing the 
most rapid fall in pressure per unit of 
time (1362) required nine and a half min- 
utes of stimulation to drop from 45 to 5 
mm. Hg (fig. 1). It was also apparent 
(table 1) that this animal showed the 
largest increave in eructation rate during 
stimulation. Thus, eructation efficiency 
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(rate x volume) would appear decreased 
by anterior block plus posterior stimula- 
tion. The rumen contraction rate showed 
only slight changes during these trials of 
stimulation posterior to the point of block. 

Stimulation of the nerve anterior to the 
point of procaine block was accomplished 
in one experiment only (animal 1362, Feb. 
11, 1956). Animals 846 and 1004 had suf- 
fered damage to their anterior electrodes 
by the time this anterior-stimulation, pos 
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Graph 2—Effects of application of procaine to the dorsal vagal trunk posterior to point of 
electric stimulation in an unanesthetized adult Guernsey cow. 


Upper two traces are simultaneous recordings of pressure changes (reading from top to bottom) in pos 


terior dorsa! rumen sac 


(gas pocket) and antrum of the cardia 


Left-hand side of record (before stimu 


lation) shows moderate bloat 20 minutes after injection of 4 per cent procaine hydrochloride into posterior 


electrode assembly 
lation, there was rapid eructation 
minutes after the stimulus was removed 
was again brought to zero base line pressure by 


suflation rate was 
0.5 millisecond pulse duration, 50 volts 


Stimulus used: 10 cycles per second 
division 5 seconds; vertical axis, 1 
tom line): 1 mark eructation; 2 marks 

short mark 


Stimulus applied over period indicated to anterior electrode assembly 
rate and rather rapid 
(lower two traces), the animal had become bloated again and 
stimulation anterior to point of block 


large disivion 
swallow 
end of stimulus 


During stimu 
return to normal base line pressure. Fifteen 
Nitrogen in 
liters per minute 

Horizontal axis, 1 large 
Signal marker (bot 
long mark plus 


of mereury pressure 
start of stimulus 


5 mm 
long mark 


C. EB. 


terior-block type of experiment was at- 
tempted. This procedure resulted not only 
in marked increase in the eructation rate 
but also relatively rapid return of the ru- 
men pressure to the base line (fig. 2 and 
table 1). That is, over-all eructation effi- 
ciency upon stimulation anterior to the 
point of block resembled the preprocaine 
efficiency. Only a slight (negative) effeet 
of this stimulus on rumen contraction rate 
was observed. 

Once the rumen pressure began to rise 
(graph 1), many periods of restlessness 
were evident (rapid up-and-down strokes 
of the styluses). If the degree of over- 
damping was increased somewhat (by ad- 
justing the drip clamp) greater clarity was 
achieved, as in the ‘* posterior dorsal sac”’ 
trace (graph 2). 

Attention may be called to two previous 
observations.” The first would be, judging 
from the record of events taking place in 
the reticulum and two compartments of 
the rumen (graph 1, A), that simple trans- 
mission of pressure changes is not the rule 
in this organ. Only those pressure changes 
occurring in the immediate vicinity of the 
opening of the recording tube are appar- 
ent on the tracing produced, with the ex- 
ception of those accompanying eructations. 
Further study is being given to this point. 
Secondly, it has been regularly observed 
that eructations may occur during normal 
intraruminal pressures on either or both 
the primary and secondary ruminal con- 
tractions (graph 1, A). This appears to be 
the normal state of affairs in some of the 
animals studied, even without additional 
administration of gas. 

DiIscUSSION 

The data do not permit a simple ex- 
planation, and the present paper is sub- 
mitted as a report of progress. The num- 
ber of animals is not great; preparation of 
animals with double electrodes was diffi- 
cult and limiting. Yet, the direction of 
change, at least, seems clear. The dorsal 
vagal trunk appeared to be important in 
eructation of cows. Application of pro- 
caine to this trunk was accompanied by a 
tendency toward bloating, a situation de- 
riving largely from decreased volume of 
gas removed per eructation, since the erue- 
tation rate was not markedly or regularly 
changed (table 1). 

The afferent fibers of an eructation re- 
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flex may be more numerous than the effer- 
ent fibers in the dorsal vagal trunk, or 
may be more effectively stimulated artifi- 
cially. In the former case, one possibility 
would be that the efferent fibers travel 
mainly in the ventral vagal trunk. An- 
other possibility would be that efferent 
fibers may leave the dorsal trunk proximal 
to a point about 10 em. anterior to the 
diaphragm. This last-mentioned possibil- 
ity, if true, might indicate, as Dougherty * 
has suggested, that the efficiency of erue- 
tation is quite dependent upon events oc- 
curring in the esophagus itself. 

In these experiments (table 1), the rate 
of rumen contraction appeared to increase 
somewhat upon the onset of bloating, a sit- 
uation similar to that observed in field 
cases. The rumen rate tended to increase 
during stimulation of the dorsal vagal 
trunk (before applying procaine, table 1). 
Dunean * found that in sheep the normal 
rhythmic activity of the rumen and retic- 
ulum was lost following total vagotomy. 

ruminoreticular motor center has 
been postulated in the sheep brain, by 
Iggo,” caudal to the intercollicular plane, 
and further studied by Clark.’ Comline 
and Titchen* examined the reflex nature 
of esophageal groove contraction in calves. 

The difficulties experienced in establish- 
ing, and more particularly in maintaining, 
these animals with two vagal electrode as- 
semblies appeared to indicate that it would 
be best to use single electrode assemblies in 
subsequent experiments requiring access 
to the vagus, and to apply double electrode 
assemblies only in special cases. 

Animals having implanted vagal elec- 
trodes are difficult to maintain, since their 
usefulness is dependent upon the absence 
of factors such as infection, wire breakage, 
or slipping of the electrode assemblies of* 
the nerve. The preparation described pre- 
sents three additional problems. They are: 
(1) Infectious organisms may gain access 
to the tube used for procaine injection by 
being injected with the procaine at the 
time of the next experiment; (2) the pro- 
caine tube appears more subject to break- 
age than the rest of the assembly; and (3) 
there seems to be a tendency to develop 
poor rumen motility after a time, with ae- 
companying change in the consistency of 
the ingesta. Work is being done to deter- 
mine possible causes of these last effects. 
As a part of this study, sections for histo- 
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logical examination were routinely taken an afferent pathway in an eructation 
from the vagus nerve anterior and poste- reflex. 

rior to the points of electrode attachment 
and also from the dorsal nucleus of the 
vagus at the time of slaughter.* ‘Dink, H. EF., and Sellers, A. F Physiological Stud 


ies of the Vagal Nerve Supply to the Bovine Stomach 
I. Comparison of Responses in Milk Fed and Roughage 
SUMMARY Fed Calves, Using a Chronic Intrathoraciec Vagal Elec 
trode Technique Am. J. Vet. Res. 16, (1955): 411 
1) Procaine hydrochloride solution was 417 
injected on to the dorsal vagal trunk Driuk, and Sellers, A. Physiological Stud 


ies of the Vagal Nerve Supply to the Bovine Stomach 
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Preliminary Report on Immunization of Animals Against 
Micrococcus Pyogenes 


G. R. SPENCER, D.V.M., Ph.D; J. H. STEWART, D.V.M.; JANIS LASMANIS, D.V.M. 


Pullman, Washington 


Mastiris caused by Micrococcus pyogenes 
is the most significant type of mammary 
disease in many dairy herds. In spite of 
optimistic reports of effective treatments 
for staphylococcic mastitis, no simple con- 
trol measures have yet been developed. His- 
topathological observations of mammary 
vlands chronically infected with M. pyog- 
enes have demonstrated many granulom- 
atous and suppurative foci not connected 
with the duct system. Treatments are not 
likely to be effective in such cases. In the 
authors’ experience, cases of long standing 
resist treatment and remain as a reservoir 
of infection in the herd. The high preva- 
lence of subclinical infections with M. py- 
ogenes suggests some degree of natural or 
acquired resistance. 
Farrell and Hitehing' 
toxoids better than alum 
modified toxoids for antibody produetion, Richou 
et al”* found antihemolytie titers of 140 inter 
national units (1.U.) following immunization of 
with a potassium toxoid, 
whereas toxoid not treated 
only 3 to 20 LU. A staphyloeoecic toxoid was re 
ported by Gould® and Wilson® to improve cases 


found alum-preeipitated 
tartrate toxoids or un 


alum-treated 
with 


COWR 


alum indueed 


of staphyloeoccie mastitis when used therapeuti 
Kearney and Maloney’ and 
found elinieally apparent benefit from the use of 
staphylococeic vaccines; the former used an autog 
mixture of 
whereas the latter injeeted a toxoid, 


cally. Collingson 


enous staphylococcic anaculture, 

Ramon and associates” established that potas 

sium alum and aluminum hydroxide as adjuvants 

enhanced the production of antihemolysins in eat 


tle. They also noticed that eattle 2 years old and 


older developed the highest titers and that ani 
mals less than 6 months old developed a relatively 
low titer. Minett found that alum-preeipitated 
toxoid produced immunity against 


mastitis for at least three months. 


staphylococeic 


Sheep are also susceptible to staphylocoecic 
mastitis, and attempts have been made to immu 
nize them against the infectious agent. MeLay 
et al.” produced severe mastitis by intramammary 
injection of culture into ewes but found no benefit 
from treatment with staphyloeoccie toxoid. Richou 
and Holstein® produced an antihemolytie titer 


Scientific paper 1982, Washington Agricultural Ex 
periment Station, Pullman, 10245. Supported in 
part by « grant from Lederle Laboratories, Division of 
American Cyanamid Co., Pearl River, N. 


project 


against staphylococci of 1 to 20 LU. 
10 L.U.) in 5 ewes, 

Clark ” able to demonstrate 
neutralizing autibodies in the serum of horses im 
was in 
jeeted into mice, guinea pigs, or rabbits, prior to 
the injection of a lethal culture of staphylococci. 
Burkey ” reported high preeipitin titers and effee 
tive protection of rabbits against lethal doses of 
staphylococci when they had 
jected intravenously or intradermally 
Richou ” found that 
of toxoid was superior to 6 units for immuniza 
tion of rabbits. Ramon Richou™ obtained 
high antihemolytie titers (600 I.U.) in horses with 
a staphylocoecic toxoid-tapioea mixture. In other 
they of the 
immunity in rabbits against staphylocoeecic infec 
tion and demonstrated the beneficial effect of cer 
tain adjuvants. Ramon et al.” also reported that 
the production of alpha antitoxin was superior to 


(average, 


Parish and were 


munized with a toxoid when such serum 


been previously in 
with a tox 
oid. a large dose (12 units) 


and 


reports,” determined the duration 


the production of beta antitoxin by their vaecines. 
They reported that formalin 
inactivated bacteria to their toxoid gave a higher 
and more persistent antibody titer. 


also inclusion of 


Several methods of production of staphylococcie 
Bigger and 
suspended agar cultures in saline, een 


toxin and toxoid have been proposed. 
Boland 
trifuged them, and dried the supernatant for stor 
age. Burnet ™ found that traces of carbon dioxide 
above eultures enhanced the production of toxin. 
Slanetz et al.” found buffered tryptose agar was 
the best of several mediums for the production of 
potent toxins. He also reported that growth at 
37 C. for 48 hours in an atmosphere of 20 to 25 
per cent carbon dioxide gave optimum toxin pro 
Duthie and Wylie” large 
population of organisms and much hemolytic toxin 
by cultivation in Walbum’s medium in an atmos 
phere of 80 per cent oxygen and 20 per cent ear 
bon dioxide. 


duetion, obtained a 


MATERIALS AND MetTHops 


The medium utilized for the production of 
Staphylococcus toxin was a modification of the 
medium of Walbum.” The ingredients were: 


Fresh beef heart infusion 
(330.0 Gm. per liter) 
KH.PO,.. 


1,000.0 ee. 

4.0 Gm. 
0.6 Gm. 
Adjust to final pH 7.0. 


A fresh broth culture was inoculated in 3 per 
cent quantity into flasks of medium. Twenty per 
cent carbon dioxide and 80 per eent oxygen were 
introduced into the flask. It was sealed and ineu 
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IMMUNIZATION OF ANIMALS AGAINST Micrococcus PYOGENES 


5D 


TABLE 1—The Effect in Rabbits of Experimental Formalin-Inactivated Vaccines Prepared 

from Highly Toxic Cultures of Micrococcus Pyogenes and Administered in Solid Pellet Form 

or Suspended in Mineral Oil or Aqueous Aluminum Hydroxide. The Immunity of the Rabbits 
Was Later Challenged by Subcutaneous Inoculation of a Toxic Culture of the Organism 


Anti 
hemolysin 
titer 


No. of 
rabbite 


Dose 
(Gim.) 


Vaccine 


preparation (Lt 


Pellet 5 
Pellet 5 
Mineral oil suspended 5 
Aluminum hydroxide 0.5 (1 dose) 5 
Aluminum hydroxide 0.5 (3 doses) 15 
*Commercial toxoid 1 ml. (3 doses) 10 
None 0 10 


— 


Commercial Staphylococcus toxoid: 1,000 dermonec 


bated at 37C. for 48 hours in a rotating shaker. 
The eulture was then centrifuged at 3,000 r.p.m. 
in an angle-head centrifuge for 30 minutes, and 
the removed. The toxin 
measured by titration with standard antitoxin ae 
cording to the method of Hartley and Smith,” and 
the method used for measurement of 
antihemolysin levels. 


supernatant was was 


same was 
Ten cultures of M. pyogenes isolated from asep 
milk tested 
for ability to produce hemolytie toxin. One of 
these (strain 17) was selected because it 
high toxin-producer, and it was used in all subse 
quent work. Production of toxin 
variable in different 
earded because of low hemolytic toxin level. 


tieally collected of dairy cows were 


was i 


seemed to be 
batehes and many were dis 

A whole broth culture containing a high con 
centration of toxin prepare the im 
munizing agents. Formaldehyde was added to the 
eulture to make a of 0.35 per 
eent. The mixture was held for three to 20 days 
at 37C. The mixture was then vaeuum-dried over 
a dehydrating agent at 5(C. or lower. This dried 
material was the basie ingredient for the vaecines, 


was used to 


final concentration 


The first preparation was a pelleted vaecine made 
by mixing the dried detoxified culture with easein, 
A 40 per cent 
solution of formolized gelatin was selected as the 
better pelleting These pellets 
planted subcutaneously in rabbits. 


egg albumen, or gelatin solutions. 


were im 


An anhydrous 


agent. 


suspension in mineral oil of the powdered detoxi 
fied wus used for immunization of 
rabbits eattle. Another vaecine 
suspending the dried detoxified eulture 


eulture also 


and % was pre 


pared by 


roti 


No. positive 
cultures at 
death or 
slaughter 


No. rabbits with local reaction 


= after challenge No 


) None Slight Moderate Marked died 
0 None made 
0 None made 
0 None made 
5 
0 
6 


units per milliliter prior to detoxification 


in a washed 10 per cent aqueous suspension of 
aluminum hydroxide. This 
into 20 rabbits, 6 cattle, and 6 sheep. 
cial Staphylococcus toxoid, which contained 1,000 


dermoneerotie units per milliliter prior to formo 


injected 
A commer 


vaccine 


lization, was employed in three doses of 2 
for 
Ten rabbits were injected with this material 


mi, each 


at a seven-day interval immunization of 1 
cow, 
in a total amount of 1 ml. divided into three doses 
intervals after 


lation, the titer of antibodies was determined, and 


at a seven-day interval. At inocu 


the rabbits were challenged by subcutaneous inoe 


ulation of a whole broth culture. The severity of 
the 

The eattle were vaccinated by intramuseular in 
or three tested at 


intervals thereafter for the titer of antihemolysin. 


local reaction was reeorded, 


jection of one doses and were 


Four vaecinated lactating cows and 2 control un 


vaccinated cows were challenged by intramam 


mary inoculation with ml. of various dilutions 
of broth culture of strain 17C, M 
Lactating 


larly 


PUOgenes., 


sheep were vaccinated intramuscu 
the 
were tested for antihemolysin titer at 
thereafter. 
sheep were challenged by intramammary 
broth three weeks 
Four vaccinated sheep and 1 


ufter 


with hydroxide vaeeine and 


weekly in 


tervals Two vaceinated and 1 eontrol 


tion of a fresh eulture after 


vaccination, control 


were challenged similarly nine weeks 


17, 


nation, Cultures of strain used for challenge 


of both eattle and sheep, contained from 74 mil 
lion to 120 million organisms per milliliter before 
dilution, surfaces 


as determined by a plate eount 


TABLE 2—Results of Vaccination of Cattle with Micrococcus Pyogenes Antigens Suspended 


Dose 
(Gm 


Animal Vaccine 


No 


used 


Oi 

on 

on 

Al (OH) 
Al (OH) 
Al (OH) 
Al (OH) 
Al (OH) 
Al (OW) 
Toxoid 


in Anhydrous Mineral Oil or Aqueous Aluminum Hydroxide 


Antihemolysin titer 


Lo al 
2 wk 


reaction awk 


Severe 51 


Severe Si 2 
102 ‘ 


Severe 
Slight 
None 


102 (Challenged at 3 wk.) 
100 
None 100 
None 100 16 
Slight 2 2 
Slight oa 16 
None (Challenged at 5 wk.) 


—— 
is 
Fay 
if-2 
— 
Pe 
: ) 14 wk 
1 a0 0.6 
2 1.25 0.5 
2.5 10 
‘ 20 
1.0 
0.5 
2.0 
il 4 mi 
- 
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on Difeo blood agar containing 6 per cent bovine 
blood, 

Rabbits.—The results of trials in rabbits 
are summarized in table 1. The pellet vae- 
cines produced marked local irritation and 
sterile abscess formation but gave consid- 
erable protection against subsequent chal- 
lenge. Mineral oil suspensions conferred a 
high degree of immunity and were some- 
what less irritating than the pellet vae- 
cine, Aqueous suspension of vaccine in 
aluminum hydroxide usually evoked a 
high degree of immunity when adminis- 
tered in three doses at weekly intervals. 
The aluminum hydroxide vaecine  pro- 
duced little local reaction at the site of in- 
jection, These experiments in rabbits in- 
dicated that repeated doses of vaccine 
were much more effective than a. single 
dose containing the same quantity of anti- 
gen. The commercial toxoid apparently 
yvave as good protection as the experimen- 
tal vaccines under the conditions of the 
experiment. Antihemolysin§ titers were 
variable and did not always indicate the 
resistance of the animal to challenge with 
virulent organisms. 

Cattle.—The results of vaccination of 10 
cattle are summarized in table 2. The vae- 
cines suspended in mineral oil were irri- 
tating locally, but no definite abscesses de- 
veloped. Antihemolysin titers were highest 
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after three weeks and subsided gradually 
over a period of several months after vac- 
cination. The aqueous vaccine suspended 
in aluminum hydroxide produced little or 
no local reaction and yet induced a high 
and persistent titer in all except 1 animal 

Four lactating, vaccinated cattle and 2 
unvaccinated controls inoculated the 
intramammary route developed a local in- 
flammatory reaction in their mammary 
glands as described in table 3. The acute 
reaction in 16 quarters of vaccinated ani- 
mals was less severe than that in the un- 
vaccinated cows. Nine of 16 quarters in 
vaccinated animals became chronically in- 
fected. There were no signs of chronic 
mastitis in these other than a slight indu- 
ration. One of the control animals was 
treated with antibiotics several times dur- 
ing the week subsequent to challenge be- 
cause of impending gangrene, and she be- 
permanently infected spite of 
treatment. The other control animal was 
destroyed and im- 
pending death two days after inoculation. 

The milk whey from cow 4 was found to 
have an antihemolysin titer of 12 to 51] 
L.U. after challenge, at the same time that 
the quarters were eliminating viable or- 
ganisms. Milk from these quarters would 
not support growth of M. pyogenes. The 
blood from vaccinated cows was found to 


came 


because of gangrene 


TABLE 3—Effects of Immunization on Intramammary Challenge of Cattle with 2 ml. of 
Various Dilutions of Micrococcus Pyogenes* 


Time between 
vaccination 


Quarter and challenge 


KF 2ida 
Kit 
LR 
LF 


RF 122 da 
KK 
LR 
LF 


KR 
LR 
LF 


LF Not vaccinated 


21 da 
RR 
LR 
LF 


Not vaccinated 
KK 
LK 
LF 


Dilution of Degree 
challenge 


eulture 


Duration of 
infection 


of acute 
reaction 


500 None 
100 None 

10 Slight 
ndiluted Slight 


500 Slight 
100 Slight 
10 Slight 
ndiluted Moderates 


500 None 
100 None 
10 Slight 
ndiluted Slight 


ndiluted Marked 


500 None 
100 None 
10 Moderate 
ndiluted Moderats 


ndiluted Marked ifter 
10 Marked 
100 Moderate 


500 Moderate 


“Animal If was given two doses 21 days apart of commercial toxoid, whereas the otler animals were 


vaccinated with one dose aluminum hydrovide-absorbed toxoid bacterin 


athe 
fie 
3 
er 
Cow 
29 wk 
wk 
20 wk 
1 10 wk 
2 wk 
5 122 da. 1 wk 
! 1 wk 
10 wk 
4 10 > 10 wk 
1 twk 
1 wk 
12 
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TABLE 4—Results of a Single-Dose Vaccination of Sheep with Aluminum Hydroxide Aqueous 
Vaccine and Subsequent Intramammary Inoculation of 1 ml. of Various Dilutions of a Toxic 


Culture of Micrococcus Pyogenes 


Vaccine Titer at Time of 
Animal dose 3 wk challenge 
No (tim,) (L.U.) (wk.) 

O.05 1.0 5 

sol 0.6 8.0 

6 None 1.0 5 
None 
0.05 
27 O.15 4.0 
52 2.0 

412 0.6 2.0 " 


inhibit in vitro growth of M. pyogenes in 
dilutions up to 1:20. 

Sheep.—The results of vaccination of 6 
sheep and their subsequent exposure to 
virulent cultures by the intramammary 
route are presented in table 4. There was 
no apparent local inflammatory reaction to 
vaccination, but antihemolysin titers were 
low in comparison with those in cattle. A 
chronic infection developed in many of the 
udders, and four of them became inflamed 
subsequent to the next parturition. There 
was no indication that the vaecine gave 
protection, but larger numbers are needed 
to provide definite results. On the basis of 
these trials, the proper dilution for intra- 
mammary challenge was probably about 
1:10, using this strain of M. pyogenes. 


Discussion 


The results reported here agree with the 
findings of Ramon and associates that a 
mixture of staphylococcie toxoid and killed 
bacteria produces good antihemolvtic  ti- 
ters. A large dose of antigen was found 
necessary for immunity in rabbits. Like 
wise, in cattle, the concentration and per 
sistence of antibodies were roughly in pro- 
portion to the amount of vaecine used. 

Poor results were obtained in immuniza 
tion of sheep. Scrutiny of the experiment 
revealed that the batch of vaccine had 
been refrigerated in the dried form for 
four months prior to vaccination. During 
immunization, the sheep were lactating 
and were on poor pasture. These factors 
may have contributed to the low degree of 
protection obtained, 

Higher titers of antihemolysins were at 
tained after vaccination of cattle than 
have been observed in natural infection. 
The occurrence of antibacterial antibodies 
inhibitory to growth in milk and plasma is 
of considerable interest and indicates that 
vaccination should partially alleviate the 


Dilution of challenge Reaction 


to 
Right Left challenge 
1-500 1:1.500 Slight 
poo 1:1,.500 Rlieht 
1.500 11,500 Slight 
1:500 1:10 Moderate 
1:500 1.10 Marked 
1:500 1:10 Moderate 
1:500 1-10 Moderate 
1:500 110 Slieht 


severity of staphylococcie mastitis. Whole 
cultures inactivated and detoxified seem to 
offer more promise for immunization of 
cattle than do purified toxoids. The litera 
ture cited from French workers offers con 
vineing evidence that a higher and more 
persistent level of antihemolysin can be 
stimulated by the whole cultures than by 
toxoid. Further trials in experimentally 
vaccinated cattle subsequently exposed to 
infection are necessary to establish the 
possible value of such vaccines in the field 


SUMMARY 


Vaccination of rabbits with prepara 
tions of Micrococcus pyogenes culture dis 
closed a protective effect from a combina 
tion of toxoid and formalin-killed organ 
isms combined with an adjuvant, such as 
mineral oil or aluminum hydroxide. <A 
commercial Staphylococcus toxoid had sim 
ilar protective effects for rabbits. 

Kight out of 9 cattle immunized with 
large doses of bacterin-toxoid developed 
high titers of antihemolysins that per 
sisted at least 14 weeks. The severity of 
mastitis in 16 quarters of vaccinated cows 
challenged with viable toxie cultures was 
less than the reaction in five quarters of 
unvaccinated cows. chronie infeetion 
developed, following challenge, in nine of 
the 16 quarters of vaccinated cows 

Immunization of sheep with bacterin 
toxoid resulted in low titers and no evi 
dence of protection against subsequent 
intramammary challenge. 
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Submucosal Glands in the Bovine Colon 
JAMES R. ROONEY, Il, D.V.M., M.S. 


Blacksburg, Virginia 


DuRING studies on the pathology of experi- 
mental bovine hyperkeratosis, a thickened 
area was observed in the colon mucosa. 
This was thought to be associated with the 
hyperkeratosis syndrome but was later 
found to oceur in cattle not exposed to the 
etiological agent of hyperkeratosis. The 
present study was undertaken to clarify 
the occurrence and nature of this thickened 
area in relation to the normal and patho- 
logical anatomy of the bovine colon. 


LITERATURE 


Sisson and Grossman™ mentioned the occurrence 
of Peyer’s patches ‘‘in the beginning of the cecum 
and one in the first part of the colon’’ of cattle. 
Elias® reported the presence of glands in the sub- 
mucosa of the ileum of the ox, ‘‘ especially within 
the lymphatic patches of Peyer.’’ Ramsey” de 
scribed a ‘‘foeal, chronic, cystic colitis about 10 
to 20 em. distal to the ileocecal valve’’ in a mu- 
cosal disease of cattle. Maurer et al." mentioned 
a ceeocolic lymphoid area as a frequent site of 
damage in rinderpest. Dunne et al.® described 
caseous nodules under the mucosal surface of the 
rectum and colon of pigs recovered from niacin 
deficiency. Histological examination revealed ‘‘ in 
vaginations of the mucosa into the submucosa, 
forming cyst-like cavities surrounded by lymphoid 
tissue.’’ Biswal et al.® described grossly visible 
areas in the poreine colon which were found to be 
submucosal giands imbedded for the most part in 
lymphoid tissue. Klein,’ quoted by Biswal, ob- 
served such submucosal glands in the colon of 
swine in 1878. Follis” also mentioned the normal 
occurrence of gland prolongations into the sub- 
mucosal lymphoid tissue in the colon of swine. 

Schultze" deseribed the occurrence of submu- 
cosal crypts in relation to lymphoid tissue in apes 
and man. Further, he found these glands in ape 
embryos but not in human embryos. Schultze aiso 
credited Retterer with the first deseription of these 
structures in the colon of the guinea pig in 1892; 
however, Klein appeared to have antedated Ret- 
terer. Tomarkin™ in 1893, Kiichenmeister” in 1895, 
and Stéhr® in 1898 confirmed Retterer’s findings. 
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Stohr stated that similar structures were observed 
by Retterer in sheep, cattle, and horses. Klaatsch’ 
was quoted by Schultze as observing these glands 
in the anteater, while Orth” deseribed submucosa! 
glands in normal and diseased human colons. 
Brites* discussed the frequent occurrence of Lieber 
kiihn’s glands penetrating the submucosa of the 
sigmoid flexure in 24 human beings over 60 years 
of age. Such penetrations were not seen in younger 
individuals. Bargen'* studied what were consid 
ered to be precancerous changes in the colon of 
man, Certain of these changes were interpreted as 
being similar to the appearance described by 
Schultze” and generally known as the ‘‘ Schultze 
picture.’’” 


MATERIALS AND METHODS 


Colons from 52 eattle were collected at necropsy, 
or from a local slaughter house for gross ani 
microscopic examination. The specimens were from 
animals ranging, approximately, from 4-month 
fetuses to 8 years of age and included females, 
males, and steers. There were 20 Holstein-Frie 
sians, 23 Herefords, 9 of whieh were dwarfs, 7 
Aberdeen-Angus, 1 Jersey, and 1 Guernsey, Of the 
52 animals, 25 had intercurrent disease and 27 
were normal. In addition, histological material 
from 11 cases of experimental hyperkeratosis in 
Holstein bull calves was studied. 

The colons were opened immediately after col 
lection, and the mucosa examined for gross evi 
dence of thickening or other unusual appearance 
Any such areas, with adjacent normal tissue, were 
removed and fixed in 10 per cent formol-saline o1 
Kouin’s fixative for histological preparation, See 
tions prepared from paraffin-imbedded material 
were stained with hematoxylin-eosin, MeManus 
Mowry basement membrane stain,” Géméri'’s tri 
chrome for connective tissues,” Wolbach’s modifica 
tion of the Giemsa stain,” and a hematoxylin-acid 
fuchsin stain, Serial sections were prepared from 
several blocks, 

ResuLTS 

Normal Findings.—Two areas of mucosal 
thickening were demonstrated in all colons 
examined, with the exception of the 4- 
month-old fetuses. These areas apparently 
correspond to the Peyer’s patches men- 
tioned by Sisson.** One area was always 
related to the ileocecal valve and never in 
volved the entire circumference of the colon 
(fig. 1). The second area, of variable size, 
was constantly found at the junction of the 
proximal loop and the coiled loop of the 
ascending colon,’® and always involved the 
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entire circumference of the colon (fig. 2,5). 

There was a circumseribed elevation of 
the mucosa in the ileocecal area with nu- 
merous wide gland openings (lig. 1). The 
colon junction area was less uniform in 
appearance, The mucosa of the cecum and 
proximal loop of the ascending colon was 
thin and velvety with low, circular folds, 
while that of the coiled colon appeared 
heavier and more rigid and lay in longi- 
tudinal folds. At the junction the folds 
were irregularly circular, thickened, broad 
ened, and somewhat elevated (fig. 3). Mul 
tiple dilated gland openings were appar 
ent, frequently filled with soft) mucous 
plugs. Gross sectioning of the two areas 
mentioned revealed fleshy white submu- 
cosal masses producing the broadening and 
elevation of the mucosal folds. These 
masses were seen under the dissecting mi- 
croscope to be mucosal gland prolongations 
into submucosal nodules of lymphoid tis- 
By careful stripping of the mucosa 
from a formalin-fixed, washed colon, the 
holes’? occupied by these mucosal pro- 
longations were clearly seen (fig. 4). A few 
seattered holes were also seen in the first 
part of the coiled colon, 

The histological picture in the two areas 
was identical and similar to that deseribed 
for the colon of other species’ ** and for 
the ileum of the bovine species.° Glandular 
masses were found in the submucosa of 
both areas. Their occurrence coincided with 
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the presence of lvinphoid tissue and was 
rarely found unrelated to lymphoid tissue. 
Numerous sections of other portions of the 
colon rarely contained lymphoid nodules 
and never showed glandular prolongations 
into the submucosa. 

The submucosal glands presented vari- 
able types of structure but, basically, ap- 
peared to be prolongations of mucosal 
glands into the submucosa. In single see 
tions, the submucosal glands frequently 
showed no connection with the mucosa ( fig. 
5), but continuity could always be demon- 
strated by serial sections. In some cases, the 
prolongation of the glands was a simple in- 
vagination with retention of the muscularis 
mucosae continuity but more commonly, 
the muscularis mucosae was stretched 
and thinned by the advancing prolongation 
and finally ruptured deep in the submucosa 
(fig. 6). Some areas appeared to be a pri- 
mary rupture of the muscularis mucosae 
with extension of one or a few glands 
through the break (fig. 12). Frequently, 
all three of these processes appeared to be 
operating. A simple invagination of the 
mucosa developed secondary muscularis 
mucosae rupture at the farthest point of 
penetration and other ruptures at inter- 
mediate points. Secondary branchings of 
the prolonged glands were usually appar- 
ent, ramifying in all directions in the sub- 
mucosal lymphoid tissue. 

The epithelium of the glands in these 


Fig. 1—Photograph (enlarged) of bovine colon showing ileocecal valve and associated Peyer's 
patch. 
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prolongations was indistinguishable from 
that in the uninvolved mucosa. Both col- 
umnar and mucin-producing goblet cells 
were present with an apparent preponder- 
ance of goblet cells in the prolonged por- 
tions. The epithelium of the deepest part 
of the prolonged glands, separated only by 
a thickened, irregular basement membrane 
from the lymphoid tissue (fig. 7), fre- 
quently showed atrophic changes. The gob- 
let cells changed to columnar and then 
cuboidal form and, “finally, assumed an en- 
dothelial or stratified mucous epithelium 
character (fig. 8). Pyknotie cells were often 
seen. The epithelial basement membranes 
of other portions of the gland prolongations 
appeared normal (fig. 9). 

No significant changes were observed in 
the lamina propria, submucosa, muscularis, 
or serosa. Eosinophils were prominent in 
the lamina propria of most colons, and 
perivascular accumulations of eosinophils 
were occasionally observed in the submu- 
cosa, 

Lymphoid tissue was variable in nature, 
amount, and distribution. Solitary nodules 
of medium and small lymphocytes were 
observed in the lamina propria’ particu- 
larly in the fetal colons. Larger nodules, 
with and without germinal centers, were 
present in the submucosa. In adult colons, 
and less commonly in fetal colons, the most 
frequent type of lymphoid nodule involved 
both the lamina propria and the submucosa 
with disruption of the continuity of the 
muscularis mucosae®*® (fig. 10). In the adult, 
this type of nodule almost invariably con- 
tained a germinal center. 

The gland prolongations were intimately 
related to the lymphoid tissue, usually lying 
in the middle of submucosal nodules. Only 
rarely in this series was gland penetration 
into the submucosa observed without inti- 
mately related masses of lymphoid tissue 
(fig. 12). The more extensive, ramifying 
prolongations compressed the nodules, 
forming crescents of atrophic lymphoid tis- 
sue!” (fig. 11). The normally ineonspicu- 
ous MeManus-Mowry positive material in 
the lymph nodules became thickened and 
collapsed in these atrophie nodules (fig. 7). 

Pathological Findings.—In normal ani- 
mals, and particularly in those with inter- 
current disease, gross and microscopic le- 
sions were frequently found in the ileocecal 
and proximal loop-coiled colon junction 
areas. Grossly, hyperemia was common 
both in normal and diseased animals, 
standing out distinctly from the sur 
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rounding, nonthiekened mucosa. Absecess- 
like nodules varying from 2 to 4 em, in 
diameter were common in the colon june- 


bovine cecum, 


2—Photograph (reduced) of 
colon, and rectum. The coiled colon has been only 


Fig. 


partially straightened, and the junction of the 
proximal loop of the ascending colon and the coiled 
colon has been opened. 
Fig. 3—Photograph of junction area of figure 2. 
The proximal loop of the ascending colon is to the 
left of the photograph and the coiled colon to the 
right. 
Fig. 4—The same junction area with mucosa 
stripped off. The proximal loop is to the left and 
the coiled colon to the right. Holes (arrow) occu- 
pied by mucosal prolongations are apparent. 
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Fig. 5—Section of a bovine colon showing submucosal glands (arrows) with no apparent con- 
nection to mucosa. Hematoxylin and eosin. x 40. 


Fig. 6—Section of a bovine colon showing extensive submucosal gland prolongation with loss of 
muscularis mucosae continuity deep in submucosa. GémOri stain. x 40. 
Fig. 7—Section of a bovine colon showing thickened, irregular basement membrane separating 
epithelium of prolonged glands from compressed lymphoid tissue. McManus-Mowry stain. x 240. 
Fig. 8—Section of a bovine colon showing transition of columnar cells (a) to flattened, endo- 
thelial-like cells (b) in the deepest part of a prolonged gland. Hematoxylin and eosin stain. 
x 300. 
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tion area in animals woo hyperkeratosis 
and in those with Virginia mucosal dis- 
ease."' These nodules could be readily 
teased out of the mucosa and appeared to 
have developed within the lumens of di- 
lated glands. Trichuris ovis were often 
found attached in the cecum and proximal 
loop of the ascending colon to and includ- 
ing the deseribed junction area. Attached 
worms were never observed beyond this 
point in the colon. 

Microscopically, the common finding in 
animals with hyperkeratosis or mucosal dis- 
ease was cystic dilatation of the mucosal 
glands and, particularly, the submucosal 
glands with flattening of the epithelium 
and accumulation of mucinous, cellular 
debris (fig. 13). These eystic glands varied 
from microscopic size to grossly visible 
cysts which could be teased from the mu- 
cosa. Neutrophil invasion frequently con- 
verted these cysts into micro- or macro- 
abscesses which sometimes ruptured into 
the lumen of the colon. These changes could 
not be correlated with any specific disease 
entity since they were found, though to a 
lesser degree, in the colons of a number of 
clinically normal animals. 


DISCUSSION 


The occurrence of submucosal glands in 


the colons of various mammalian species 
has been studied by numerous workers. 
This study on the bovine colon, in large 
part, confirms the findings of these investi 
gators. Most workers have concluded that 
these submucosal glands are normal struc 
tures which may undergo pathological 
changes. The present study demonstrated 
that, at least in cattle, mucosal gland pro 
longations into the submucosa are normal 
findings. Their occurrence in the colons of 
7- to 9-month-old fetuses provides strong 
support for such a view, 

While their mode of development could 
not be definitely ascertained, the constant 
relationship of the gland prolongations and 
Ivmphoid tissue indicated a possible cause 
effect relationship. In some cases, the gland 
penetration appeared to be stimulated by 
the presence of lymphoeytes in the submu- 
cosa without rupture of the muscularis 
mucosae, More commonly, damage to the 
muscularis by growing or migrating lymph 
old tissue appeared to accompany or pre 
cede the gland penetration. The muscularis 
may have been damaged by lymphoid nod 
ules penetrating from the submucosa into 
the mucosa or from the mucosa into the 
submucosa. 

Maximow and Bloom!’ stated that the 
presence of lymphoid follicles in the sub 
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Fig. 9—Section of a bovine colon showing normal basement membranes at the middle portion of 
prolonged glands. McManus-Mowry stain. x 400. 
Fig. 10—Section of a bovine colon with lymphoid nodules (arrows) with germinal centers in- 
volving submucosa and mucosa. Hematoxylin and eosin stain. x 32. 
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mucosa of the human small intestine re- 
sults from expansion of follicles primarily 
situated in the lamina propria. Trautman 
and Fiebiger,” similarly, stated that soli- 


tary lymphoid nodules are located at the 
beginning of their development entirely in 
the lamina propria. Bargen® believed that 
lymphoid follicles arise as perivascular in- 
filtrations, their position relative to the 
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muscularis mucosae being determined by 
available space and tissue tension. Limited 
observations of fetal colons in this study 
indicated that lymphoid masses appear first 
in the lamina propria and extend secondar- 
ily through the muscularis mucosae into 
the submucosa. 

Figures 14 and 15, sections of the colon of 
a 7-month bovine fetus, illustrate one pos- 


Fig. 11—Section of a bovine colen with 

submucosal gland prolongations producing 

lymphoid crescents. Hematoxylin and eosin 
stain. x 40. 


Fig. 12—Section of a bovine colon with a 

solitary gland penetration of two-layered 

muscularis mucosa with only a few associ- 

ated lymphocytes. Hematoxylin and eosin 
stain. x 240. 


Fig. 13— Photomicrograph of dilated, cystic 

submucosal glands in a bovine colon from an 

animal with hyperkeratosis. Hematoxylin 
and eosin stain. x 32. 
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sible means of penetration of glands into 
the submucosa. The lymphoid tissue by 
either a mechanical or lytic affect weakened 
the muscularis mucosae, allowing the over- 
lving glands to extend into the submucosa, 
pushing the thinned, attenuated muscularis 
mucosae before them. Eventually, the mus- 
cularis lost its continuity and only the 
basement membrane separated the pene- 
trating glands from the lymphoid tissue. 
It would appear, then, that the essential 
cause for the presence of glands in the sub 
mucosa of the colon was an attenuation or 
destruction of the muscularis mucosae. 


Fig. 14—Section from a 
7-month bovine fetal colon 
with intact muscularis mu- 
cosae. Hematoxylin and 
eosin stain. x 240. 


Fig. 15—Section from a 

7-month bovine fetal colon 

with early attenuation of 

muscularis mucosae. He- 

matoxylin and eosin stain. 
x 240. 
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Most authors have considered pathologi- 
cal changes in the submucosal glands as 
secondary phenomena. This study supports 
such a view and, further, indicates that the 
cystic, abscessing changes observed are spe 
cific only for these particular structures 
and not for any disease entity. Both 
Schultze*! and Orth!’ deseribed eystic dila- 
tations of the submucosal glands in cases of 
dysentery. Brites* suggested that abscesses 
within the wall of the human colon might 
be associated with submucosal gland pro 
longations. Follis® discussed the develop 


ment of cystic, abseessing changes in the 
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colon mucosal glands of human beings with 
pellagra and the similarity of these lesions 
to those produced in the mucosal and sub- 
mucosal glands of pantothenic acid-cefi- 
cient swine. Dunne et al.’ described case- 
ous, cystic nodules in the submucosa of pigs 
recovered from an experimental niacin de- 
ficiency. The chronic, cystic colitis de- 
scribed by Ramsey” in a bovine mucosal 
disease appeared to be localized in the 
proximal loop—coiled colon junction area, 

Schultze*! and Bargen':* suggested that 
the deep-lying glands may be associated 
with early neoplastic changes in the human 
colon, The constant occurrence of such 
glands in the bovine colon and the rarity of 
carcinoma of the colon in this species’ 
would indicate that further evaluation of 
this problem may be necessary. However, 
Bargen observed other changes in his series 
of human colons that were not found in the 
bovine colons. 

The particular localization of lymphoid 
tissue in the ileocecal and proximal loop 
coiled colon junction areas may be related 
to the relative stasis of ingesta which prob- 
ably oceurs at these points.*° The lumen of 
the proximal loop of the aseending colon 
diminishes markedly at its junction with 
the coiled colon and a delay of ingesta pas- 
sage would be expected. These lymphoid 
areas, therefore, may be tonsillar in nature 
and function. The microscopic picture of 
glandular erypts surrounded by lymphoid 
tissue is similar, though not identical, to 
that of the palatine tonsil. 


SUMMARY 


Two grossly apparent areas of lymphoid 
tissue aggregation have been found in the 
bovine colon. Microscopically, the Lieber- 
kithn’s glands in these areas showed a ten- 
deney to invade the submucosa, presenting 
an appearance identical to that described 
in man and in other animals and often re- 
ferred to as the ‘‘Sehultze picture.’’ Non- 
specifie pathological changes have been ob- 
served in these submucosal glands in clini- 
cally normal animals and in animals with 
hyperkeratosis and with a type of mucosal 
lisease, 

Addendum.—Since this paper was pre- 
pared, an excellent gross description of 
these two lymphoid areas in the colon has 
been found in Ellenberger and Baum: 
Anatomie 
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Some Observations on the Bovine Corpus Luteum and 
Endometrium During Early Stages of Pregnancy 


SAMUEL MOSS, Ph.D.; J. F. SYKES, Ph.D.; T. R. WRENN, B.S. 


Beltsville, 


IN serve of an increase in interest re- 
cent years in the changes of the bovine 
uterus and related reproductive tissues 
during pregnancy, many problems remain 
unsolved. These include the origin of the 
cells lining the uterine surface and erypts 
(and hence the nature of the placental 
barrier) and the mechanism of formation 
of the maternal septums of the cotyledon. 
In the work reported here, we have at- 
tempted to obtain information regarding 
some aspects of these problems and have 
outlined some comparisons between the 
corpus luteum and endometrium of early 
pregnancy and of the estrous cycle. Such 
information may be useful in studies of 
early embryonic mortality in the bovine 
species. 


MATERIALS AND METHODS 


This study is based on observations made in 14 
cows between 30 to 37 days and 1 at 66 days of 
pregnancy, Data on the reproductive history of 
the 15 eows and on the embryos recovered are 
given (table 1). Although some of these animals 
had a history of previous breeding difficulties, the 
eurrent pregnancies may be considered normal 

From the Nutrition and Physiology Section, Dairy 
Husbandry Research Branch, Agricultural Research 
Service, U.S.D.A., Beltaville, Md 

The work reported in this paper has been conducted 
ae a part of the Northeastern co-operative regional proj 
ect NE-1, “Canees and prevention of reproductive fail 
ures in cattle 


Maryland 


sinee all of the cows had normal embryos at the 
time of slaughter. The normality of the embryos 
was determined by appearance and size and by 
the fact that the heart was beating rhythmically 
when the embryo was exposed in the exeised 
uterus. 

Immediately after slaughter and bleeding, the 
reproductive tract of each cow was removed, the 
uterine horn containing the embryo was opened, 
the embryo was inspected, and the crown rump 
length was measured, Sections from the 
containing the corpus luteum, from both the right 
and left uterine horns near their tips and from 
one of more sections of the uterine body near the 
bifureation, were fixed in each of cold 
Carnoy’s and Bouin's fluid. Routine histological 
processing and the histochemical determination of 
alkaline glyeerophosphatase, glycogen, and sub 
stances for periodic acid Schiff PAS) 
were the same as given previously.’ Between three 
to eight microscopic slides were examined in each 
block of tissue. An average of 45 were 


available from each cow. 


ovary 


acetone, 


positive 
slides 


OBSERVATIONS 


Corpus Luteum.-The microscopic struc 
ture of the corpus luteum between 30 to 
66 days of pregnancy was similar to that 
of the eyelic corpus luteum at diestrus. 
An increase in lutein cell size with preg- 
nancy, as reported,’ was not observed 
In the corpus luteum of the estrous cycle, 
alkaline phosphatase was present at dies 
trus in large amounts in the endothelium 


TABLE 1—Reproductive History of 15 Cows and Heifers Killed Between 30 to 66 Days of 
Pregnancy and the Size of Their Embryos 


Age 
when 
killed 


(months) 


No. of 
previous 


Breed calvings 


Holstein-Friesian 1 
Jersey 

Holstein Friesian 
llolstein- Friesian 
Holstein Friesian 
Jersey 

Holstein-F riesian 
Holstein-Friesian 
Holatein-Friesian 
Jersey 

Crossbred 
Holatein-F riesian 
Jersey 

Jersey 

Holstein Friesian 


Respective 
servicer 
for each 
calving 


Orown 
rump 
length 
of embryo 
fem) 


Days 
after 
breeding 
when 
killed 


No. of services 
after last caly 
ing or total No 
of services in 
case of heifers 


40 1.0 
Not recorded 
1.1 
11 
12 
Not recorded 


Not recorded 
Not recorded 
1.7 
16 
16 
2.0 


= 
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4 
x 
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1,7 
3,1,2 ¢ 
10 
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of capillaries and blood vessels, as well as 
in both the theea- and granulosa-lutein 
cells.’ Between 30 to 66 days of preg- 
nancy, however, high alkaline phosphatase 
was present only in the endothelium of 
arterioles. Moderate activity was present 
in the endothelium of capillaries, but the 
bulk of the lutein tissue showed little or no 
phosphatase activity. Granulosa-lutein 


cells occasionally showed slight activity in 
their cell borders. At the periphery of the 
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corpus luteum and in the lutein tissue 
which was adjacent to the fibroblastic area 
lining the central lumen, moderate phos- 
phatase activity was also present in theea- 
lutein cells, 

Glycogen was absent from the corpus 
luteum of early pregnancy, as it is during 
the cycle. Periodic acid-Schiff positive 
spherules were seen in granulosa- 
lutein cells during the estrous cycle but 
not during early pregnancy. 


some 


Figures 1-6 
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Endometrium.—Surface Epithelium.— 
The surface epithelium was usually intact 
at the tips of the uterine horn but was 
present irregularly in other parts of the 
uterus. The unaltered surface epithelium 
of the uterine horn was similar to the sur- 
face epithelium of the nongravid uterus, 
except that it was taller than at any time 
during the eycle. Many small round cells 
could be seen in this epithelium, presum- 
ably migrating through it to the lumen. 
The surface epithelium of the corpus uteri 
was similar to that of the nongravid 
uterus of comparable location. Alkaline 
phosphatase was present in the original sur- 
face epithelium (in both cotyledonary and 
intercotyledonary areas) only in the distal 
border which was thick and highly active 
in the horn (fig. 1) and thin and only 
slightly active in the body of the uterus 
(fig. 2). Glycogen was present in this epi- 
thelium in large amounts in the hern and 
in moderate amounts in the body of the 
uterus. Coarse glycogen granules were 
also seen in the uterine lumen, especially 
in the horn. Thus, the distribution of al- 
kaline phosphatase and glycogen in the 
unaltered uterine surface epithelium of 
early pregnancy was similar to that seen a 
few days before and after estrus.* 

Most of the uterine surface epithelium, 
however, showed either early or late stages 
of degeneration, complete absence of an 
epithelial surface, or a partial or extensive 
epithelial covering which was different 
from the original epithelial surface. Ex- 
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cept for Bjérkman® and Hatch,* who 
claim that the uterine surface epithelium 
remains intact to a large extent during 
implantation, many investigators, inelud- 
ing <Assheton,’ Hammond,” Andresen,” 
Melton eft al.,'° Weeth and Herman," and 
Amoroso,"* agree that extensive destruc- 
tion of the original epithelium occurs dur- 
ing early pregnancy as a result of activity 
of the binucleated giant cells. There is less 
agreement, however, concerning the mech 
anism whereby the uterus acquires a new 
surface epithelium and whether this epi 
thelium is of fetal or maternal origin 
Binucleated giant cells, which are de 
rived from the fetal chorion as suggested 
by Assheton ’ and demonstrated by Wim 
satt,'® were present in the uterine lumen 
as isolated cells or in clusters of 
which include other fetal cells. Impending 
degeneration of the original surface epi 
thelium was indicated by typical indenta 
tions of the epithelium, accompanied by 
apical vacuolization of the epithelial cells 
(fig. 3). In many instances, giant cells 
were anchored in such dents and, presum 
ably, may initiate or accelerate degenera 
tion of the epithelium (fig. 4). Some cells 
of the epithelium became swollen and ap 
peared to cause neighboring cells to elon 
gate and become compressed (fig. 5 
Some of these elongated cells appeared to 
be forced like a wedge between the epithe 
lium and the basement membrane which 
may have resulted in a loosening of the 
surface epithelium. Shedding of the sur 


cells 


Legends for illustrations on opposite page. 


Fig. 1— Intact original. surface epithelium (intercotyledonary portion) from the anterior 

uterine horn with high phosphatase activity (black) in the thick distal border and absence of 

activity from the rest of the epithelial cells. Fixed in cold acetone and stained for alkaline 
phosphatase. x 113. 

Fig. 2—Intact original surface epithelium from an intercotyledonary area of the uterus near 
the bifurcation with reduced phosphatase activity in the distal border as compared with that 
in the horn. Fixed and stained as in figure 1. x 113. 

Fig. 3—Intact original surface epithelium from the anterior uterine horn with indentation and 
apical vacuolization of epithelial cells. Fixed in Carnoy’s fluid and digested with diastase prior 
to staining with the periodic acid-Schiff technique. x 500. 

Fig. 4—Degenerating original surface epithelium and trophoblast in the anterior uterine horn 
with trophoblastic elements anchored in epithelial indentation and thick basement membrance 
positive to periodic acid-Schiff. x 500. 

Fig. 5—Degenerating original surface epithelium in the anterior uterine horn with a group of 
enlarged cells which cause neighboring cells to elongate and become distorted. Basement mem- 
brane does not stain with this technique. Fixed in cold acetone and stained with hematoxylin 
and eosin. x 500. 

Fig. 6—Intercotyledonary uterine surface near the area of bifurcation with cluster of tropho- 
blastic cells, other than binucleated giant cells, on a denuded basement membrane, which is 
thickened and highly positive for periodic acid-Schiff. Fixed in Carnoy’s fluid and digested 
with diastase prior to staining with the periodic acid-Schiff technique. x 500. 
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face epithelium may also have been facili- 
tated by a thickening of the basement 
membrane, since it could obstruct the flow 


of substances to and from the epithelial 
cells. A thick basement membrane (about 
2.0 + 0.5 ») was always present where de- 


Figures 7-12 
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struction and loss of the surface epithe- 
lium was evident (fig. 3, 4, and 6).* 

These changes, which were initiated by 
the presence of fetal elements and, hence, 
seemed to be typically associated with the 
erosion of the surface epithelium during 
pregnancy, were different from the arti- 
facts described for surface epithelial cells 
of the uterus in primates by Bartelmez '* 
and in the cow by Hatch.” 

A new surface epithelium was reestab- 
lished over denuded portions of the sur- 
face in successive stages. In intercotyle- 
donary areas, parts of the original surface 
epithelium remained at this stage of preg- 
nancy. In addition, isolated cells or, more 
often, clusters of cells (fig. 6) were seen 
on a denuded basement membrane. These 
clusters consisted of trophoblastic cells, 
some of which were binucleated giant cells. 
The latter were assumed to be of fetal 
origin. The trophoblastic origin of the re- 
maining cells of these clusters was indi- 
cated by their close association with the 
giant cells and by their similarity to the 
cells of the fetal trophoblast. In some in- 
stances, portions of the surface were cov- 
ered with a single layer of cells some of 
which were flattened giant cells (fig. 7). 
Following such epithelium along the sur- 
face, the height of the epithelium may 
have changed gradually to columnar or 
pseudostratified. Some mitotic figures were 
observed in cells other than giant cells. 

* Thickening of basement membrane may be 


comparing figures 3, 4, and 6 here with figures 7, %, 1h 
and 11, reference 4 


seen by 
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Some giant cells seemed to divide amitot- 
ically to form synevtial masses within the 
epithelium (fig. 8). These observations 
suggested that the bulk of the newly 
formed surface epithelium of intercotyle- 
donary areas developed by mitosis from 
cells of the fetal trophoblast other than 
giant cells, but that in this epithelium 
were enclosed syncytial masses which ap- 
peared to be derived amitotically from 
binucleated giant cells. 

The surface of the cotyledons was com. 
pletely denuded of epithelium before the 
initial stages of crypt formation set in. 
But as tiny crypts were formed, groups of 
trophoblastic cells attached themselves to 
the surface and eventually gave rise to a 
new surface epithelium (fig. 9). Binu- 
cleated giant cells or syncytial masses de- 
rived from them have not been observed 
among these cells. At 66 days of preg- 
nancy, when the cotyledons were well de- 
veloped, giant cells of the fetal villi were 
always separated by other trophoblastic 
cells from maternal septums (fig. 10). 
Giant cells, therefore, did not appear to 
participate in the formation of the epi 
thelium lining the maternal crypts. 

In contrast to the original surface epi 
thelium, the newly formed epithelium con- 
tained some alkaline phosphatase and had 
no distinct distal border (fig. 11). In these 
respects, this epithelium was similar to 
that of the fetal trophoblast. Some of the 
binucleated giant cells showed pronounced 
alkaline phosphatase activity. The latter 
contained small amounts of glycogen and, 


Legends for illustrations on opposite page. 


Fig. 7—Binucleated giant cells in the newly formed surface epithelium in an intercotyledonary 
area of the uterus near the bifurcation. Fixed in Carnoy’s fluid and digested with diastase 
prior to staining with the periodic acid-Schiff technique. x 1,045. 

Fig. 8—Syncytial mass (arrow) within the newly formed surface epithelium from an area 
similar to that of figure 7. Fixed in cold acetone and stained with hematoxylin and eosin. 
x 500. 

Fig. 9—Initial stages of crypt formation showing cotyledonary area of uterus near the bifur- 
cation with trophoblastic cells lining the newly formed septums of the cotyledon and the two 
distinct layers of the upper endometrial stroma. Fixed in Carnoy’s fluid and digested with 
diastase prior to staining with the periodic acid-Schiff technique. x 113. 

Fig. 10—Placentome at 66 days of pregnancy near the area of bifurcation with binucleated 
giant cells of the fetal villus separated by other trophoblastic cells from the maternal septum 
(arrows). Fixed and stained as figure 7. x 1,045. 

Fig. 11—Newly formed surface epithelium in an intercotyledonary area of the uterus near the 
bifurcation with an irregular amount of phosphatase in the epithelium, absence of distinct 
distal border, and absence of phosphatase from the basement membrane. Fixed in cold acetone 
and stained for alkaline phosphatase. x 113. 

Fig. 12—-Lower endometrium from an area similar to figure 11 with some basal glands with 
wide, empty lumens and a low epithelium. Fixed in cold acetone and stained with hematoxylin 
and eosin, x 41. 
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contrary to the findings of Wimsatt,’* 
some glycogen had been observed in some 
giant cells. The presence of material posi- 
tive for pas in the giant cells is variable 
between 30 to 37 days, but at 66 days of 
pregnancy these cells are always distinctly 
VAS positive. 

Glands.—In the upper endometrial 
stroma, glands had tall eosinophilic cells 
with slender basal nuclei. At the apex of 
the cells, cytoplasmic protrusions gave off 
tiny droplets of secretion. In addition, 
many glands contained cellular debris 
which was probably derived from the dis- 
integration of whole cells. Superficial 
glands had moderate phosphatase activity 
and some glycogen. However, the brush 
borders, which were thick and PAs positive, 
showed high phosphatase activity. Secre- 
tion and cellular debris, which were usu- 
ally present in the lumen of superficial 
glands, were always highly active for 
phosphatase and, occasionally, also posi- 
tive for PAs. 

The height and eosinophilia of gland 
cells beeame progressively reduced toward 
the base of ._e endometrium. Secretion 
was usually absent. from gland lumens. 


The lumen of basal glands was usually 
narrow, although glands which have wide, 
empty lumens and a low epithelium were 


also seen (fig. 12). As distinct from the 
eyclie uterus, some alkaline phosphatase 
was always present in the deeper lying 
glands and the connective coat 
around the glands was reduced in thick- 
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ness and in amount of phosphatase activ- 
ity. Except for 1 animal, where glycogen 
was present in many basal glands, glyco- 
gen was not seen in deeper-lying glands. 

Stroma.—The basement membrane of 
the surface epithelium was distinct and 
PAS positive. In sites where the surface 
epithelium had been shed, the basement 
membrane was thickened (fig. 6). Alka- 
line phosphatase was always absent from 
the basement membrane (fig. 11). The 
upper endometrial stroma was densely 
cellular, but the cell density was reduced 
in intereotyledonary areas as compared 
with that at diestrus. The cell density was 
higher, and the dense band was wider in 
the uterine horn than in the body of the 
uterus, 

The structure of the upper endometrial 
stroma was different in cotyledonary and 
intercotyledonary areas. In addition to the 
yvreater cell density and greater width of 
the densely cellular band, the upper 
stroma of the cotyledonary area was (dl- 
vided into two layers (fig. 9). This divi- 
sion was not seen in intercotyledonary 
areas. The lower layer of the cotyledonary 
stroma contained large, thick-walled arter- 
ies and arterioles embedded in a matrix 
which was densely filled with small round 
cells. The upper layer, in which were 
many dilated capillaries, appeared more 
eosinophilie as individual round cells of 
the matrix were increased in size and the 
nuclei were This inerease in 
cell size resembled a decidual type of re 


less dense, 


Fig. 13— Enlarged por- 

tion of figure 9 showing 

periodic acid-Schiff pos- 

itive material around in- 

dividual cells some of 

which are increased in 
size. x 1,045. 
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action. The presence of small sinuses gave 
the tissue a spongy appearance. This layer 
was further characterized by the presence 
of PAS positive material around individ- 
ual cells (fig. 13). These changes were pro- 
nounced in areas where outgrowth of con- 
nective tissue processes was taking place 
preliminary to formation of erypts and of 
maternal septums of the cotyledon (fig. 
%). Apparently, it was only this upper 
layer which was involved in the formation 
of the walls of the erypts in the cotyledon, 
and the lower layer of connective tissue 
did not participate in crypt formation. In 
a well-developed cotyledon at 66 days of 
pregnancy, it was observed that the under- 
lying dense layer of connective tissue re- 
mains intact and forms a capsule which 
separated the cotyledon from the loose en- 
dometrial stroma. 

Just as in the nongravid uterus, alka- 
line phosphatase was present in the upper 
endometrial stroma in proportion to its 
cell density. In cotyledonary areas, the 
upper endometrial stroma lacked phospha- 
tase except in the capillary endothelium. 
Glycogen was absent from the upper endo- 
metrial stroma, except that glycogen-con- 
taining cells were often present in large 
numbers in this layer in intercotyledonary 
areas. In cotyledonary areas, PAS positive 
patches were usually very numerous in the 
lower layer of the upper endometrial 
stroma, but intercotyledonary areas con- 
tained these patches only rarely. 


DIsCUSSION 


It seems reasonably well established now 
that at least much of the original surface 
epithelium of the maternal cotyledons is 
destroyed during early pregnancy and 
that this destruction is caused by the ae- 
tion of the fetal trophoblast, especially the 
binucleated giant cells. However, widely 
differing views are held with regard to the 
nature and origin of the cells lining the 
maternal crypts which enclose the fetal 
villi as well as the cells lining the surface 
of intercotyledonary areas. A knowledge 
of the origin of these cells is essential to an 
understanding of the mechanism of im- 
plantation and of the nature of the pla- 
cental barrier. 

Wimsatt '* concluded that if the surface 
epithelium is derived from the binucleated 
giant cells, it is then derived from the 
fetal trophoblast. He demonstrated that 
this is the case for the sheep but not for 


the cow. Amoroso,'* however, almost simul. 
taneously presented evidence showing that 
the binucleated giant cells give rise to the 
uterine surface epithelium in both the 
sheep and the cow, Hateh® and Drieux 
and Thiéry '* consider the fetal-maternal 
junction epitheliochorial, hence assuming 
a maternal origin for these cells, but offer 
no proof; nor do they discuss the origin of 
these cells. Foley and Reece ** mention 
only one type of cell lining the maternal 
crypt and, although they say that these 
cells are of fetal origin, they do not state 
from what type of fetal cell they are de 
rived. Weeth and Herman '' also assumed 
that the epithelium lining the crypts is of 
maternal origin but that, in the function- 
ing placentome, the crypt lining forms 
part of the trophoblast and, hence, con 
sider the placental relationship syndesmo 
chorial. Bjorkman” stated that the uter- 
ine surface epithelium remains intact, to a 
large extent, during the implantation and, 
in addition, claims that there are two 
types of giant cells, trophoblastic giant 
cells of fetal origin and eryptal giant cells 
of maternal origin. Our observations sug 
gest that, although some binucleated giant 
cells become incorporated into the newly 
formed surface epithelium in intercotyle 
donary areas and give rise there to syn 
cytial masses, the bulk of the surface epi 
thelial cells in intercotyledonary areas, as 
well as all of the cells lining the maternal 
crypts of the cotyledons, are derived from 
fetal trophoblast cells other than the bi 
nucleated giant cells 

With regard to the mechanism of forma 
tion of maternal septums, Jenkinson 
states that cotyledonary crypts arise as 
down growth of buddings of the maternal 
epithelium into the subepithelial layer 
Hammond * suggests that erypts arise by 
outgrowth of subepithelial connective tis 
sue, Our observations agree with Ham 
mond that outgrowth occurs. Further 
more, it is suggested that, preliminary to 
such outgrowth, a decidua-like response is 
normally elicited in the cells of the upper 
layer of the endometrial connective tissue 
stroma adjacent to the cotyledons. The 
deeper-lying region of this layer, however, 
does not participate in this reaction 

Alkaline phosphatase and glycogen in 
the uterus of early pregnaney are distrib- 
uted similarly to that seen in the uterus 
of cows a few days before and a few days 
after estrus.’ If it is assumed that the dis 
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tribution of these substances in the uterus 
of early pregnancy is at least partly a re- 
sult of progesterone secretion by the cor- 
pus luteum, the similarity of the histo- 
chemical picture in the uterus before and 
after estrus with that of the uterus of 
early pregnancy suggests that progester- 
one is seereted at fairly high levels by the 
bovine ovary both before and following es- 
trus. This would be further evidence to- 
ward the concept that progesterone is con- 
cerned in the process of ovulation in the 
cow’? 

Our observations of the corpus luteum 
of early pregnancy are similar to those of 
earlier investigators.” An increase in Ju- 
teal cell size in pregnancy, as compared to 
that of diestrus,” was not seeen in our 
material, 

The alkaline phosphatase activity of the 
corpus luteum of early pregnancy is in 
marked contrast to that of the corpus lu- 
teum during diestrus. There is little or no 
activity, except in arterioles and capil- 
laries, in the corpus luteum of pregnaney, 
whereas all elements of luteal tissue 
show marked phosphatase activity during 
diestrus.’ 

SUMMARY 


The only significant difference between 
the corpus luteum of early pregnancy and 
that at diestrus was in the amount of alka- 


line phosphatase activity. In contrast to 
the eyelie corpus luteum, the corpus lo- 
teum during early pregnancy lacks phos- 
phatase in the lutein tissue. 

Destruction of the original surface epi- 
thelium of the endometrium is preceded 
by indentations and apical vacuolization 
of epithelial cells and thickening of the 
basement membrane. The newly formed 
surface epithelium covering the maternal 
septims of cotyledons seems to be derived 
entirely from trophoblastic cells other than 
binucleated giant cells. In intereotyledo- 
nary areas, however, where the original 
surface epithelium was eroded, some bi- 
nucleated giant cells may participate, in 
addition to other trophoblastic cells, in the 
formation of the new surface epithelium, 
In contrast to the original surface epithe- 
lium, the newly formed surface epithelium 
(in both cotyledonary and intercotyledo- 
nary areas) contains some phosphatase 
but has no distinct distal border. Some 
binucleated giant cells contain high phos- 
phatase activity and variable amounts of 
periodic acid-Schiff positive material. 

Aside from active secretion, some disin- 
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tegration of whole cells in the superficial 
glands also occurs during early preg- 
nancy. Moderate phosphatase activity is 
present in all glands, even in those basally 
located. Glycogen is present in superficial 
glands only. 

The basement membrane of the surface 
epithelium lacks phosphatase and is highly 
PAS positive. The upper stroma of ¢oty- 
ledonary areas is divided into two layers. 
The upper layer has a spongy appearance, 
is more eosinophilic and contains PAs 
positive material around individual cells, 
some of which became enlarged. Only the 
upper layer seems to be involved in the 
formation of the walls of the cotyledonary 
erypts. 
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The Nuclear Shift Index and Other Hematological Indexes in Surra 
DEOGRACIAS J. CABRERA, D.V.M., LL. B., and TA-JEN LUI, D.V.M. 
Manila and Cotabato, Philippines 
SuRRA is a disease caused by the hemoflag- MaTeriars axp Meriiops 
. ellate, Trypanosoma evansi (Steel, 1885). Five pigs and 5 dogs were used. The pigs wer 
It affects chiefly horses, asses, camels, ele- selected at random from a drove artificially in 
phants, and dogs. Carabaos, pigs, cattle, feeted with surra trypanosomes in 1941 by de 
and other animals which are less suscepti- Jesus, Cabrera, and Gonzales” in connection with 
ble may serve as reservoir hosts. Monkeys studies on the reservoir hosts of surra, The dogs, e 
rabbits, guinea pigs, white mice, and rats which were from the city pound, were infected _ 
with trypanosomes at the start of the eanine phase 
have been experimentally infected with the ; 
of the study. 
trypanosome. The porcine study covered the period from Sep ie b 
An Italian report (1946-1947) records an alleged tember 1 to Noy. 30, 1942; the canine study, i. 
surra infection in man in 1912. Professor Lan from August 1 to Oet. 10, 1943, and again from iy 
franchi, while pipetting trypanosome-laden blood, February 21 to Mareh 18, 1944 “ 
accidentally sucked infeetive material into his Blood was drawn from the ear veins of the pigs 
mouth and through contamination of his uleer daily for three months; from the dogs, until death é 
ated tonsils reportedly got the infection, How Kither (ile maa’s o1 Wright's stain (mostly the lat e 
ever, prior to World War II, Dr. E. Y. Gareia, ter) was used in staining the blood smears 


formerly of the Institute of Hygiene, University The examination for trypanosomes was made in 
of the Philippines, failed to infect himself and a fresh coverglass preparation A small drop of 
boy through the parenteral route with hundreds of blood was uniformly and thinly spread under a 
the surra trypanosome. 22mm, square coverglass and then examined mi 
Of the protozoan diseases affecting live- croseopically, In grading the degree of parasite 
stock or poultry in the Philippines, surra '"" * pam of pluses ranging from 1 to 5 was 
is one of the most fatal and refractory to Sarees 8 Sones 
treatment. In the native horse, the disease 
runs an acute course and almost always 


] plus—occasional trypanosomes 


2 plus—an average of one to two trypanosomes 


per high power field; 


terminates fatally. 3 plus—an average of three to four trypano & 
At the time (1942) this work was COr- somes per high power field; 
ceived, the literature recorded no serious 4 plus-—-many trypanosomes per high power field ; 


study of the hematology of surra. This and 


work is limited to the study of the Schil- 
ling hemogram, particularly the nuclear In every case, the body temperature was taken 
shift index (NSI), and the neutrophil. “"ortly before the smear was made 
lymphocyte (NLL) and the monocyte-lym- 
phoeyte (MLI) indexes or ratios. 


5 plus teeming with trypanosomes 


The nomenclature adopted was that of Osgood 
and Ashworth,” thus, only neutrophils showing fil 
aments connecting nuclear lobes were classified un 
der lobocytes or segmenters. The random method 

Dr. Cabrera was formerly a member of the faculty of 
the College of Veterinary Medicine University of the 
Philippines, in addition to his duties in the Bureau of TABLE 1—Difterential Leukocyte Count in the 


Animal Industry where he is now assistant chief of its Pig and in the Dog 
Parasitic Diseases Division 
Dr. TaJen was formerly a student, College of Veteri Leukocyte i a 


nary Medicine, University of the Philippines, and now is type (%) s 4.) d 
principal, Cotabato Chinese High School, Cotabato, hil 
ippines Metagran- 0.15°70.047 0.22 °0.0 O47 028 
This paper is a condensation of a thesis submitted by ulocyte P 

the junior author in partial fulfillment of the require Khabdo 870.06 
ments for the degree of doctor of veterinary medicine cyte 

Lobo 5.792%0.44 2 7 0R 2.9070 54 


and is published with the approval of the dean, College 


of Veterinary Medicine, University of the Philippines cyte : 
Lympho 3927051 2.40270.36 40.23%1.24 5.70%0.487 
Manila 
cyte 
Grateful acknowledgment is made to Dr. Zacarian de 1.71+0.14 0.07+0.10 1.304110 0.61+0.08 
Jesus, professor and head, Department of Parasitology ‘ 
cyte 
and Protozoology ollege of Veterinary Medicine ni 211+0.01 310+0.23 1.10+0.16 
versity of the Philippines, then concurrently chief, Para phil 
sitology and Protozoology Division (now Parasitic Dis Bas 0.0 00 
eases Division), B.A.1., for his kindness in allowing us hil 
to make use of his surra infected pigs and in giving us } 
the facilities of his laboratory ad standard deviation 
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TABLE 2—Average Differential Leukocyte Count in 5 Surra-Infected Pigs Before, During, 
and After the Patent Period 


granu Khabdo Lobe Lym 


locyte cyte phocyte 


(%) (%) 


Normal 0 


Subpatent period 
0 
oO. 


Vatent period 


0.46 


Subpatent period 


Pre’, Pre* days before 
NSI—nuclear shift index (Schilling) 
phocyte index or ratio 


patent period; 


NLI 
M granulocyte 


of counting recommended by Klotz” was used, and 
no less than 300 cells were examined in each smear. 

The NSI is obtained by dividing the sum of the 
immature neutrophils with the loboeytes, the latter 
being tuken as NSI of (table 1) 
that for immature neutrophils 
counted, there was one corresponding mature cell 
Either the 
MLI or the NLI is expressed as the ratio of the 
monocyte or the neutrophil to the lymphoeyte, as 


1, thus an 


menns every 5.7 


of the series or a proportion of 5.7:1. 


the case may be. 

For the normal standard in the pig, differential 
10 healthy pigs 
ranging in age from 6 to 18 months; in the dog, 
from 


leukocyte eounts were iade on 


10 healthy dogs ranging from 6 months to 


4 venrs, aside from the 5 test dogs (table 1). 


OBSERVATIONS AND RESULTS 


The differential blood picture in the pig 


Mono 
cyte 
(% 


4 
3 


Post’, 
neutrophil- lymphocyte index or ratio 
metagranulocyte or metamyelocyte; ( ) 


Blood 
exami 
nation 


Kosino 
phil 


) (%) 


Temp 
(¢ 


0.05 


0.0638 
0.064 
0.061 

0.066 


0.0738 


Post' 
Post? 
Post 


Post*®, ete days after patent period, 


ML I—monocyte-lym 
negative for trypanosomes. 


a few days before, during, and after the 
patent period is shown (table 2). These 
figures represent average values; for exam- 
ple, the white blood elements counted under 
a 1+ parasitemia were added as to their 
respective categories, averaged, and shown 
in the table as the differential blood piec- 
ture under 1+; those under a 2+ para- 
sitemia were similarly computed and shown 
in the table as the blood picture for 2+-, 
et 


cetera, 

The symbol pre' represents the average 
blood picture the first day before the pat- 
ent period; pre*®, the second day befere, 
et cetera; while the symbol post! repre- 
sents the average blood picture the first 
day after the patent period; post’, the 
second day after, et cetera. 


TABLE 3—Average Differential Leukocyte Count in 5 Surra-Infected Dogs During the Pre- 
patent and Patent Periods 


Meta 
granulo 


Rhab 
do 
cyte 


(iran- 


ulo Lobo Lymph 
cyte cyte 


(%) (%) 


evte 
(%) 


cyte 
Dog 


Normal 40.253 
Preinocu 
lation 0.21 
56 
0.06 2.3 

0.24 24 


Prepatent 
period 


6 

02 
a4 
44 


45.72 


0.66 
0.928 


Patent 
period 


Pre®, ete.,-days before patent period, 
NSI-—nuclear shift index (Sehilling); NLI 
lymphocyte index or ratio; ( )—negative 


» Mono 


neutrophil lymphocyte 


(%) 


Blood 
exam 
nation 


Kosino 
phil 


(%) 


cyte Temp 


MLI (C.) 


§ 0.032 348.6 


O5 
O7 
056 
O97 
0.174 
0.174 
0.108 


index or ratio; MLI—monocyte 


for trypanosomes 
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- 
Pig NSI NLI 
| $2.87 5.79 57.4 1.7 2.1 5.7 49.2 — 
2526.1 5.3 60.16 4.46 5.0 0.53 9.0 Pre 
26.56 4.74 59.35 43.748 5.14 5.6 0.53 19.1 
ae . 20.9 4.47 57.0 3.5 4.6 6.75 0.61 39.1 Pre 
14 29.96 4.36 57.3 5.0 6.95 06 $9.0 —Pre? 
15.0 $52 51.6 3.4 5.6 10.1 0.76 39.1 Pre! 
09 44.9% 1.65 42.0 5.4 6.3 27.4 1.11 0128 39.4 1+ 
fg 1.37 44.04 11 43.6 4.9 6.3 42.2 11 0.112 39.6 24 
42.08 1.53 40.9 5.6 7.8 249 0.137 29.9 
0.65 45.0 1.15 35.8 7.5 9.3 39.7 1.3 O.19% 40.4 44 
+oq 1.7 42.3 1.0 40.7 6.3 7.0 44.0 1.4 0155 408 54 
11.66 218 45.6 7 5.3 19.32 0.97 0.103 39.1 
aa 42.1 2.65 46.7 6 4.4 17.07 0.97 0.077 19.2 
re ee 43.16 3.53 51.2 4 4.4 9.55 0.72 0.066 39.1 
| 
1.95 3.75 4.44 1.71 0.05 37.8 
1.76 1.96 9.96 0.06 38.6 Pre* 
1.58 1.72 13.07 2.25 14.6 Pre 
1.72 $32 7.18 2.99 18.5 Pre? 
0.0 0.2 67.32 496 23.76 1.34 2.30 13.6 4.05 —Pret 
_ 
ea 0.0 62 1.45 23.7 1.3 1.67 14.9 2.81 38.9 14 
a. 0.0 70 164 2042 3.55 228 194 164 39.5 24 
0.0 76 365 1469 2.52 1.04 21.4 5.54 9.7 34 
ae 0.0 80 3.04 12.97 1.4 1.35 26.6 6.47 39.9 44 
0.12 2.18 11 0.92 39.7 0.68 0.12 39.7 54 
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TABLE 4—Average Differential Leukocyte Picture in the 5 Surra-Infected Dogs Before Death 


Gran Meta 


ulo granulo Rhabde- Lobo. Lympho Mono Eosine Time 


cyte cyte cyte cyte 
Dog (%) (%) (%) (%) 


76.56 
reriod 0.0 78.9 
0.06 0.84 46.52 
0.3 1.1 53.73 
NSIi—nuelear shift index (Schilling) 
index or ratio 


\ntemorten oo 


yA 


The differential blood picture in the dog 
five consecutive days before, and during, 
the patent period is shown (table 3). The 
figures in this table are computed as in 
table 2. 

The average differential count in’ the 


Temp before 

ic.) death 
29.2 7 2 days 
20.4 1.15 2 19.46 1 day 
2500 225 40.5 1-3 hours 


neutrophil lymphocyte index or ratio monocyte lymphocyte 


dog in the three successive days preceding 
death and in the few remaining hours be- 
for death is shown (table 4). As in tables 
2 and 3, the figures in table 4 represent 
average values. 

A simple percentage bar chart (graph 


Graph 1—The differential 
leukocyte count in the 


normal and in the surra- 

infected pigs during the 

patent and the subpatent 
periods. 
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LEGEND: 


Mg = Metagranulocyte A = NORMAL 
Rh = Rhabdocyte 


Lo = Lobocyte g = PATENT PERIOD 
Ly = Lymphocyte 
= 


Eo = Eosinophil 


= SUBPATENT PERIOD 


if 
(%) (%) (%) 
15.58 2.24 2.54 
14.80 1.3 2.54 
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1) shows the differential leukocyte count 
in the normal and in the surra-infected 
pigs; with a corresponding one (graph 2) 
for the dog. 

A line graph on arithmetic tings 
(graph 4) shows the NSI, MLI, and NLI 
in surra-infected dog 1 with a correspond- 
ing one (graph 4) for pig 485. 
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A line graph (graph 5) shows the close 
relationship between the neutrophils and 
the lymphocytes in pig 43 and a corre- 
sponding one (graph 6) for dog 1. 

A line graph (graph 7), reconstructed 
from the blood findings in the 5 surra- 
infected dogs, illustrates in particular the 
NLI shortly before death. 


Graph 2—The differential 
leukocyte count in the 
normal and in the surra- 


infected dogs during the 
prepatent and the patent 
periods. 
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Graph 3—The nuclear shift index, the neutrophil-lymphocyte index, and the monocyte-lympho- 
cyte index in surra-infected dog 1. 
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Discussion or RESULTS 


At the termination of the study, all the 
pigs were living and apparently healthy. 
In contrast, the dogs suffered acutely 
from the disease and died in 4 to 32 days 
after the trypanosomes appeared in their 
blood. 

The patent period in the pig has an 
average duration of three days with a 
range of from two to six days; the aver- 
age subpatent period is 18.33 days. 

In the dog, the prepatent period ranges 
from three to eight days with an average 
of 5.8 days; the patent period, one to 32 
days with an average of 9.12 days. The 
average subpatent period is two days. 

Using the normal Schilling hemogram 
for man, the normal NSI obtained in this 
study for either animal species may be 
interpreted as an exaggerated regenerative 
shift to the left. The figures are 5.7:1 in 
the pig and 5.9:1 in the dog. In man, 
Gradwohl* placed the NSE at 1:16. 

Haden ° observed that the nonfilamented 
cells in man do not exceed 25 per cent of 
the neutrophilic cells or 16 per cent of 
white cells of all types. In this study in 
the pig, the nonfilamented cells constituted 
85.1 per cent of the neutrophils or 33.0 
per cent of white cells of all types; in the 
dog, the corresponding figures were 85.6 
per cent and 47.6 per cent. 

The NSI, the NLI, and the MLI (tables 
2 to 4) are more valuable as criteria for 
gauging the activity and severity of the 
infection than the percentage values of the 
different white blood elements taken indi 
vidually or in combination for, even before 
changes in the relative proportions of the 
different white cell elements became ap- 
parent, these indexes were already signifi- 
cantly raised above the normal level. 

In the pig, increase in the NSI was 
noticed as early as three days before 
the appearance of the trypanosomes in the 
blood; the NLI, a day before; and the 
MILI, even much earlier. As early as four 
days before the patent period in the dog, 
the NSI and were already significantly 
raised above the normal, but the MLI was 
significantly increased only when the para- 
sites appeared in the blood. 

In the surra-infected dog, a neutrophil- 
lymphocyte ratio of 7 and above is shown 
to indicate a grave prognosis. Except in 
dog 3, in which the NLI dropped from 10.3 
to 7.3, this index was found to be always 
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Graph 4—The nuclear shift index, the neutrophil-lymphocyte index, and the monocyte-lymphocyte index in surra-infected pig 483. 
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at its peak shortly before death (graphs 3 
and 7). 

A positive correlation between the in- 
crease in the above mentioned indexes, the 
degree of parasitemia, and the body tem- 
perature is apparent. 

The prognostic value of the NSI in dis- 
ease in human medicine is well known. 
Elevation of the NLL ratio, as a sign of 
activity of disease, has been deseribed in 
tuberculosis in man. In a study on the 
activity of Mycobacterium tuberculosis in- 
fection in the guinea pig, Turley '’ ob- 
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served that the NII is highest at the onset 
of the disease and again at the approach- 
ing death of the animal. 

A high monocyte-lymphocyte ratio has 
likewise been reported in tuberculosis in 
man and in syphilis. Cunningham, Sabin, 
Sugiyama, and Kindwall' first called at 
tention to the importance of this ratio in 
tuberculosis. Progressive lesions show a 
gradually increasing monocyte count and 
a decreasing lymphocyte count, while re- 
gressing lesions are accompanied by a re 
versal of these relationships. Hematoge 
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Graph 5—The close 


relationship between the neutrophils and the lymphocytes in pig 43. 
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nous extension in tuberculosis, according to 
Osgood and Ashworth,” causes an increase 
in the monocytes while the proportion of 
the lymphocytes increases during healing. 
The same authors observed that broncho- 


AND T. 


Am. J. Ver. Res 


OcTORER 1956 


genic extensions result in increase in the 
neutrophil rhabdocytes. 

In syphilis, Rosahn and Pearse® re- 
ported that while the monoeyte-lympho- 
cyte ratio is high in untreated cases, it is 
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Graph 6—The close relationship between the neutrophils and the lymphocytes in dog 1. 
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more frequently low in persistently treated 
patients. 

In the pig, the decrease in the lympho- 
cytes even in the 54+- grade of parasitemia 
was but moderate, while the eosinophils 
and monocytes were increased over and 
above the normal and subpatent levels. 
This lymphocyte-eosinophil-monocyte rela- 
tionship was observed in spite of neutro- 
philia and a continuing left shift. The 


inerease in the eosinophilic and monocytic 
elements indicates that the defensive forces 
in the pig were strong and acting inten- 


sively. In fact, at no time during the 
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course of the study did the pigs show any 
visible signs of disease. 

In a prior experiment in 1941-1942, de 
Jesus and Cabrera*® had found that surra 
in the pig runs a chronic course and may 
show no clinical signs other than an ele- 
vation in the body temperature at the 
time the organisms, which appear inter 
mittently, are demonstrable in blood. 

The reversal of the shift from left to 
right and the rise in lymphocytes when 
the parasites disappeared from the blood 
is a sign of recovery or of improvement 
In an infection, a receding neutrophilia 
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hematological indexes in the dog, particularly the neutrophil- 
lymphocyte index, shortly before death. 
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with a rising number of lymphocytes is 
termed, hematologically, as the ‘‘ phase of 
eure, 

Although the monocyte number was re- 
duced when the trypanosomes disappeared, 
at all events this blood element remained 
above the normal level, showing that the 
pigs were resistant to the infection. Grad- 
wohl * believed that a blood picture show- 
ing a persistently high shift with low 
counts of eosinophils and high counts of 
monocytes, indicated a chronic simultane- 
ous continuance of a phase of neutrophilic 
struggle and of monocytic defense. The 
high monocyte level in the pig even in the 
subpatent periods, may be considered a 
sign of the continued presence of the in- 
fective agent, although probably in num- 
bers too small to escape detection by the 
ordinary laboratory methods. 

In the dog (table 4), as in all beginning 
infections, there was a moderate decline in 
the lymphocytes the first two days follow- 
ing inoculation with the trypanosomes. 
There was also a slight neutrophilia and, 
simultaneously, a rise in eosinophils and 
monocytes, This increase in the monocytic 
and eosinophilic elements is a defensive 
reaction against the pathogen, But, unlike 
the pig in which effective defense was 
maintained, in the dog (in which the dis- 
ease ran an acute and rapidly fatal course ), 
the lymphocytes receded rapidly with a cor- 
responding rise in the neutrophils. 

The parasites, being particulate, stimu- 
lated the monocytes when the trypanosomes 
were inoculated and again when the organ- 
isms appeared in the blood, but as the host 
resistance was overcome, the monocytes suf- 
fered a reduction, The eosinophils receded 
progressively as the infection became more 
severe, reaching the lowest level when the 
parasite number was greatest and when 
death was imminent. Viewed hematologi- 
cally, a high neutrophilia with a marked 
left shift and a decrease in the number 
of eosinophils is of grave prognostic sig- 
nificance. 

The shift to the left was noticed the day 
following the injection of the parasites. 
Except on the third day (pre® in table 3) 
after inoculation, this index progressively 
increased until it reached a peak 6.73 


times the normal shortly before death. 

A few hours before death (table 4), the 
so-called ‘‘agonal cell liberation’’ or ** flood- 
ing’’ blood picture was observed, an exag- 
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gerated hyper-regenerative leukemoid shift, 
indicating that the bone marrow was finally 


overcome. This defeat of all resistance was 
further shown by the fact that, while the 
NSI remained high, the neutrophils and 
lymphocytes receded to low levels. While 
the preinoculation average neutrophil-plus- 
lymphocyte value was observed to be 95.6 
per cent and was maintained at or about 
that level almost throughout the infection, 
this value was reduced to 64.2 per cent 
when death was but a few hours away. 

Of all the leukocytic elements of the 
blood, in the resistant pig as well as in 
the susceptible dog, the neutrophils and 
the lymphocytes were observed to be very 
closely inter-related, either blood element 
presenting a graph which is a mirror im- 
age of the other (graphs 5 and 6). 


SUMMARY AND CONCLUSIONS 


1) A study of the Schilling hemogram 
in the normal and in the surra-infected 
pigs and dogs is discussed. 

2) The normal nuclear shift index (NSI) 
in either the pig or the dog, using as a 


criterion the normal standard in man, is 
an exaggerated regenerative shift to the 
left. 


3) Resistance of the species to the infee- 
tion is clearly reflected in the differential 
white blood response. In the resistant pig, 
monocytosis and eosinophilia were observed 
during the patent periods, while the lym- 
phocytes were but moderately reduced com- 
pared to the subpatent level. In the sus- 
ceptible dog, the response to the infection 
manifested itself in the reduction of both 
the lymphocytes and the eosinophils, this 
reduction becoming more magnified as the 
disease increased in severity and as death 
approached. 

4) Failure of the bone marrow function 
and the collapse of all resistance, as in 
imminent death, was manifested by a se- 
vere reduction (about 33% ) in the neutro- 
phils and lymphocytes percentage of the 
leukocytes, also, by the ‘‘agonal cell lib- 
eration’’ or ‘‘flooding’’ blood picture, an 
exaggerated hyper-regenerative leukemoid 
shift. 

5) The two blood elements observed to be 
intimately related were the neutrophils and 
lymphocytes, the plotted curve of either 
one being almost a mirror image of the 
other. 

6) In and 


surra, as in tuberculosis 
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syphilis, an elevated monocyte-lymphocyte 
index (MLI) is a sign of activity of the 
disease. Similarly, as in tuberculosis, a 
high neutrophil-lymphocyte index (NLI) 
indicates a grave prognosis. 

7) The NSI, NLI, and MLI give clues 
more useful than the ordinary differential 
blood count from a prognostic standpoint. 
The increase in these indexes during the 
patent period compared to the prepatent 
and subpatent periods in either the dog or 
the pig is significant. These indexes may 
be of use as guides in ascertaining the 
progress and activity of the disease and in 
evaluating the effects of treatment. 

%) In the dog, the prepatent period 
ranges from three to eight days with an 
average of 5.8 days. The disease in this 
animal runs an acute course and in the 
absence of treatment terminates fatally 
in from four to 32 days. 
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Serological Responses of Cattle to Vibrio Fetus Vaccine as 
Measured by the Complement-Fixation Test 
and Tube-Agglutination Test 


VIRGINIA H. AMELL, M.S., and J. J. STOCKTON, D.V.M., M.S. 


East Lansing, Michigan 


As 4 kesULT of the effectiveness of the pre- 
ventive measures now employed against 
brucellosis, the occurrence of bovine and 
ovine vibrionie infections has become more 
widely recognized, The seemingly in- 
creased incidence of vibriosis has stimu- 
lated both interest and research, and the 
large economic losses inflicted annually by 
this disease emphasize the need of a rapid, 
reliable diagnosis, effective treatment, and 
prophylactic measures. 

Comma-shaped organisms were first  re- 
ported in aborted ovine fetuses in England 
by MeFadyean and Stockman’ in 1912 
aud were isolated from aborted bovine fe- 
tuses in the United States by Smith?* in 
1918. Smith called the organism Vibrio 
fetus and little more was learned about it 
until the difficulties of cultivation in vitro 
were overcome during the past decade.” 
Considerable complications have been en- 
countered by virtue of the existence of 
heterologous strains of the organism and 
the variable and transitory nature of ag- 
glutinin titers of infeeted animals.’:* 

Intrauterine infusions of infeeted ani- 
mals with some antibiotics have re- 
ported, in some instances, to be efficacious 
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in the of sterility associated 
with vibriosis,” and two investigations 
on the use of V. fetus vaccine have been 
reported.”:'* Although results of serological 
tests of vaccinated animals do not neces- 
sarily indicate the degree of immunity, if 
any, conferred by a vaccine, the responses 
elicited are of interest. To this end, tube- 
agglutination (TA) and complement-fix- 
ation (CF) tests were performed using 
serums Obtained from 10 test heifers inoc- 
ulated with V. fetus vaccine. 


treatment 
12 


MATERIALS AND METHODS 


Preparation of Stock Antigen.--Vibrio fetus, 


strain 1236, was used in vaecine production and 
serological tests. It was isolated by cervical mu 
cosal heifer in May, 1950. The or 
ganisms were maintained in a lyophilized form.’ 
Seed cultures were produced by 
10.0 ml. of Difeo experimental 
(DEB). After 48 hours of ineubation under ap 
proximately 10.0 per cent CO, tension, subcultures 
were made by transferring 0.5 ml. of the 48-hour 
growth into 10,0 ml. of sterile DEB. Following a 
second incubation similar to the first, microscopie 


swab from a 
‘ 
reconstitution in 
broth 73 or 75 


examinations were made and only actively motile, 
pure cultures were used for seeding mediums for 
stock antigen production. 

Twenty milliliters of suitable seed eulture were 
added to 1 liter of sterile DEB contained in a 
3-liter compressed Erlenmeyer flask. Following 
incubation as described for seed eultures, the or 
ganisms were harvested by centrifugation and 
thrice washed with 0.3 pereent formalized 0.85 
per cent NaCl solution, pH 7.0 (formalized sa 


TABLE 1—Data Pertaining to 10 Heifers to Which Vibrio Fetus Vaccine Was Administered 


Age at 

Ist inocu 
Animal Date of lation 
No (mo.) 


16% 
16% 


1655 
1656 
1665 
1666 
1665 
1682 
1685 
1685 
1702 
1707 


Date V. fetus vaccine 


Dat (amounte in ml.) 
ate 


Brucella M 
vaccine 


Dee, 21, 


1954 


1954 


Nov. 5, 
1954 


20/53 
{ 


29/53 


2 
29/53 
2 
$ 


tS tS tS tS tS 
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5/21/53 12 4 
6/26/55 15% 12 1 
7/22/53 14% 12 1 
7/31/53 14% 12 
10/5/53 12 7/16/54 1 
10/15/53 12% 7/16/54 1 
11/3/58 7/16/54 1 
24/5 at 1 2 
Me 
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line). The washed cells were suspended in a suit 
able volume of formalized saline to constitute 
the stock antigen and were stored at 4C, 

Vaccine Preparation and Administration to 
Test Animals.-Vaecine was prepared by adjust 
ing the coneentration of the stock antigen to 
approximately 50x 10° cells per milliliter, using 
formalized saline as the diluent. Ten Holstein 
Friesian heifers were seleeted for vyaecination. 
The test animals ranged in age from approxi 
mately & to 17 months and had been found to be 
negative to the Brueella plate agglutination test. 
@iiree subcutaneous inoculations were made in 
either the right or left cervieal region. One milli 
liter of vaeeine was given at the primary inocu 
lation, and 2.0 ml. at the second and third inocu 
lations. The second inoculation was made four 
weeks and the third was made ten weeks follow 
ing the first (table 1). 

Blood samples were ecolleeted from all animals 
at the time of initial inoeulations and periodically 
thereafter for approximately nine months. Serums 
were harvested individually and stored in stop 


Date Test 1655 1656 1663 1666 


10) 4/54 AGG 0 0 0 0 


wou 400 200 

cr lo 5 5 1 

10/22/54 AGG ROO BOO ROO 
cr 160 40 nO 160 

10/29/54 AGG 400 400 400 


160 


200 200 
20 160 640 1,280 
11/12/54 AGG 1.200 1,600 ROO 1,600 
cr 1.920 1,280 1,920 2,560 
11.19/54 AGG 4,200 «1,600 BOO 
cr 2.560 1,280 1,280 1,920 
1126/54 AGG 1.600 400 
2.560 1.280 1.920 


12/3/54 AGG 400 400 a0 
2,560 640 1,280) 1,280 
12/10/54 AGG BOO 200 400 400 
cr 2,560 640 1,280 640 
12/21/54 AGG 400 400 400 400 
oF 3,200 640 640 1,280 
12/31/54 AGG 3,200 +200) «61,600 4,200 


120 53,200 


200 


CF 3,200 


400 
920 2.560 


1/28/55 AGG 200 400 400) 600 
cr 640 160 $20 640 
2/10/55 AGG roo 400 400 san 
160 xO 160 
2/28/55 AGG 200 200 200 200 
au 20 40 nO 


low 200 
40 10 20 
$/25/55 AGG row 200 200 
10 fy 1 
4/22/55 AGG 200 
5 
6 24/55 AGG 25 1600 
cF + 
* Dates of inoculations; test not performed 


with undiluted serum 


TABLE 2—Individual and Average Serum Titers, as Measured by the Tube-Agglutination 
and Complement-Fixation Tests, of 10 Heifers in Response to Vibrio Fetus Vaccination 


teample anticomplementary 
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pered, sterile milk vials at —40C, before and 
after serclogical testing. 

Tube-Agaglutination Test.-Stock antigen was 
diluted with formalized saline to yield 76.0 per 
cent light transmission through the red filter of a 
Cenco industrial-type photelometer. In the TA 
test, 2.0 ml. of adjusted antigen were placed in 
the first of a series of tubes, and 1.0 ml. in eaeh 
succeeding tube. In the first tube, 0.08 mil, of 
serum was placed, giving a serum dilution of 
1:25. Serial twofold dilutions were made by 
pipetting 1.0 ml. of serum-antigen mixture to the 
next tube of antigen in the series, Control tubes 
were ineluded in all TA tests. 

Following 48 hours of ineubation at 37C., the 
highest serum dilution in which there was a per 
ceptible agglutination was recorded as the agglu 
tinin titer (AGG titer). 

Complement-Firation Test.-The usual teeh 
niques of complement fixation (100%) were em 
ployed, Buffered 0.85 per cent saline was used 
as diluent. A 2.0 per cent suspension of sheep's 
red blood cells (2% r.bve.) was prepared daily 


No. of heifer 


1668 1682 1685 1688 1702 1707 Av 
200 100 25 0 32.5 


ROO 400 ROO 200 400 400 42000 
10 10 10 1 20 40 11.2 
400 200 moo 62000 
a0 160 160 mo 640 
400 400 200 zoo 440.0 


160 640 420 mo 


400 400 200 400 

1.280 640 160 20 1280 

ROO 1600 200 1520.0 
1280 3,200 1.920 1020 2,560 $440 2,240.0 
1,600 1,600 ROO 400 BOO 1240.60 
1,250 1.200 1.920 1280 2.560 $440 2.1120 

400 200 400 ROO 675.0 

640 2,560 1,920 2,560 1.200 2,080.0 


200 400 400 400 200 ROO 440.0 
640 2,560 1,920 640 1,920 3.200 1.6640 
200 ROO 200 200 400 565.0 
640 2,560 1,280 640 1,920 2,560 1,472.0 
400 KOO 400 400 100 400 4100 
640 1,920 1,280 640 1,920 2,560 472.0 


600 KOO 1,200 6.400 


760 200 5,120 


= 


600 400 400 1,600 
1.280 1,280 640 4,200 1260 62,1120 
Zoo 400 1,600 1,600 
160 1.240 160 1280 504.0 
200 200 zoo 400 400 noo noo 
220 40 40 160 1200 
100 200 400 400 240.0 


200 200 
200 100 200 200 200 200 177.0 
200 100 100 125.0 
? 1 2.0 


complement fixed only 


4 

j 

= 

= 

a 

1/14/55 AGG KOO 

: 
h 
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from whole blood stored at 4€,. in an equal vol 
ume of modified solution.” Commer 
cially prepared hemolysin® was titrated with fresh 
guinea pig serum. Pooled lots of complement ob 
tained from no less than 5 guinea pigs were quick- 
frozen, hermetically sealed, and stored at —40C. 
Stock antigen was adjusted to a density corre 
sponding to that of MeFarland nephelometer tube 
No. 8. 

The minimal hemolytie dose (m.h.d.) of eom 
plement and hemolysin was determined employing 
the necessary controls of all reagents. Individual 
inaetivated serum samples collected from test ani- 
mals were tested according to the following pro- 
cedure, A mixture of 1.0 ml. of saline solution, 
0.1 ml. of antigen, 0.1 mil. of 
mbd.), and 0.02 ml, of serum (diluted or undi- 
luted) was incubated at 37 C. for 30 minutes, The 
incubation was repeated following the addition of 
0.1 ml. of hemolysin (3 mdd.) and 0.5 mi, of 
2 per eent 

The highest dilution of serum with which there 
was complete fixation of the complement upon 
completion of the second incubation was recorded 
as the complement-fixation titer (CF titer). 


Alsever's 


complement (2 


ResULTS AND Discussion 
All test animals responded to the admin- 


Antisheep hemolysin glycerinized, rabbit, Sharpe and 
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Graph 1—The average tube-agglutination and complement-fixation titers of 10 heifers inocu- 
lated with Vibrio fetus vaccine. 
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istration of the vaccine by the develop- 
ment of agglutinins and complement-fix- 
ing antibodies as recorded (table 2). <A 
graphic representation of the average ti- 
ters is shown (graph 1). 

The relation of the AGG titer to the CF 
titer is not known but, as observed, the 
AGG titer developed more rapidly than 
the CF titer in response to the primary 
injection. This might indicate that the 
(CF test may be found to have less value 
than the AGG test as a diagnostic aid in 
the early stages of natural infections. 

As shown by both tests, injections made 
after the primary inoculation produced a 
rapid and continuous increase in titer in 
all animals for approximately seven to ten 
days. With the exception of the CF titer 
following the original injection, this pe- 
riod of rising titer was immediately fol- 
lowed by a marked decrease; the AGG 
titer declined from an average of 2,480 at 
the last and highest peak to an average of 
125 approximately three months after the 
final inoculation, the CF titer fell from an 
average of 4,012 at the highest peak to a 
point where complement was fixed by an 
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average serum dilution of 1:2. A similar 
transitory agglutination titer occurred 
subsequent to immunization with an avi- 
anized vaccine.’ 

Titers obtained from serum samples col- 
lected from individual test animals on the 
same date varied considerably. As an av- 
erage, the AGG titers varied by four dilu- 
tions from the highest to the lowest titer of 
the same date, while CF titers exhibited 
a slightly greater range. This individual 
variance has been observed in natural in- 
fections and has been attributed in part to 
the occurrence of different antigenic 
strains of the causative organism within 
the same herd.’ The titers obtained in this 
experiment emphasize the variability of 
responses on the part of individual ani- 
mals since a homologous strain of V. fetus 
was employed. 

Cross-agglutination reactions with Bru- 
cella have been observed.'® However, the 
test animals were found to be negative to 
Brucella plate-agglutination tests prior to 
primary inoculations. In addition, CF 
tests in which Brucella abortus antigen 
was substituted for V. fetus antigen were 
made on all test animals at the time of in- 
itial inoculations and four weeks there- 
after. No fixation of complement occurred, 
thus eliminating the possibility that an- 
amnestic Brucella reactions were being 
encountered. 

The significant development of agglu- 
tinins and complement-fixing antibodies 
by all test animals indicates the need of 
further investigations. The authors do not 
suggest that the serological reactions ob- 
tained from vaccinated animals indicate 
any degree of immunity beeause the re- 
sistance of the animals could not be tested 
under the experimental conditions. The 
significance of the serological responses 
elicited by the vaccine has not yet been 
established. 

SUMMARY 

Ten heifers, approximately & to 17 
months old, were inoculated with a for- 
malized Vibrio fetus vaecine (50x 10° 
cells/ml.). Three subcutaneous injections 
in the cervical region were made, the first 
(1.0 ml.) was followed in four weeks by a 


second (2.0 ml.) and a third (2.0 ml.) 
Was given six weeks after the second. 

Blood samples were collected  periodi- 
cally from all animals for approximately 
nine months after the initial inoculation. 
Serum titers for V. fetus antibodies, de- 
termined by means of the complement- 
fixation and tube-agglutination tests, indi- 
cated a marked response during a ten-day 
period subsequent to each inoculation, 
with higher titers after each successive in- 
oculation. Titers were transitory and gen- 
erally declined after the tenth postinoen- 
lation day. 

Any protection afforded the test ani- 
mals and the significance of the serological 
responses, if any, have yet to be deter- 
mined, 
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Observations on the Morbid Anatomy and Histology of 
Manchester Wasting Disease of Cattle in Jamaica, 
and Related Conditions in Other Countries 
of the Americas 


R. M. ARNOLD, B.Sc., M.R.C.V.S., and G. 


BRAS, M.D. 


Jamaica, British West Indies 


MANCHESTER wasting disease is a chronic 
disease affecting cattle in certain areas of 
Jamaica, B.W.1. Clinically, the condition 
is characterized by a progressive wasting, 
stiffness of the joints, and symptoms asso- 
ciated with impaired circulation. A de- 
scription of the circumstances under which 
the syndrome occurs, the clinical signs, and 
some of the gross pathological changes 
have been given by Arnold and Fincham ' 
who quoted 13 references to similar, and 
possibly related, conditions. 

A similar condition has been recorded as 
occurring in other parts of the tropical 
world and a resumé of this literature is 
given. The object of this paper is to de- 
seribe in greater detail the histological 
findings, to compare these with the find- 
ings in other countries, and to attempt to 
interpret them in terms of a disease 
process. 


Review or LITERATURE 


The earliest full account of a similar 
was given in 1912 in Argentine by Lignieres * 
described a eondition known as ‘‘enteque’’ which 
he considered due to a chronie pasteurellosis. His 
description of the disease was widely quoted in 
textbooks for the next 20 years. The term ‘‘en- 
teque’’ is still used in Argentine and Brazil to 
describe any chronie wasting condition, It is now 
subelassified as ‘‘enteque diarrhetico’’ (caused by 
parasitic infestation) and ‘ seco’’ (of 
unknown origin). Reeent observations have failed 
to confirm earlier suggestions of an infection in 
either condition. Rosenbusch® has provided a full 
deseription of enteque seco as it is eneountered in 
the Argentine Republic and a report en the pa- 
thology and circumstances surrounding the oeceur 
rence of the disease. The disease is of consider 
able local importance in parts of Buenos Aires 
provinee, and on one farm visited in April, 1955, 
over 200 affeeted animals were seen. 

Enteque (seco) has been deseribed in eattle in 
Brazil by Pardi and dos Santos,’ who gave a brief 
deseription of the gross and microscopic necropsy 


disen se 


who 


‘enteque 


From the Department of Agriculture and the Depart. 
ment of Pathology, University College of the West Indies, 
Jamaica, B.W.1,. 


findings. These authors stated that the disease ix 
associated with parts of the Matto 
Grasso area of Brazil and considered that the con- 
dition was in some way connected with the soil 
type. Of 2,172 animals entering a particular 
slaughter house, 114 (5.24%) were found to be 
affected to the extent that there was ossification 
of the lung, and 635 (29.2 %) showed gross renal 
changes. Other authors sueh as Pires," 

celos,” Mueciolo,” and Tibiriea® have 
similar lesions affecting the lung or the aorta. 

In Hawaii, a condition has been «i 
scribed by Hendershot,” 
Hawaiian animals have 
the authors. Known as ‘‘naalehu disease,’’ 
long recognized as being 
grazing in particular parts of the islands. 

Other similar lesions have been recorded in iso 
lated animals in other countries ineluding Ger 
many, Seotland, Switzerland, and the United 
States, but such accounts have not associated the 
lesions with a particular disease process or with 
animals kept in any particular area or environ- 
ment. Similar lesions have also been reported by 
various authors as having occurred in various ex 
perimental animals. 


particular 


Vaseon 
deseribed 


similar 
and sections of lung from 
been examined by one of 
it has 
with 


been associated 


MATERIAL AND METHODS 


Diseased animals brought to the labora 
tory for a complete necropsy whieh included open 
ing of all cavities. Material from various organs 
was fixed in formalin and, occasionally, in Helly ’s 
bichromate mixture, Paraffin blocks were prepared 
and the sections stained with haematoxylin-eosin 
and, when with Mallory’s trichrome, 
Kornhauser’s elastic tissue, and Géméri’s iron 
stains. Material from 19 animals examined 
as a basis for this paper. 


were 


hecessary, 


was 


ANATOMY 

The general picture of Manchester wast- 
ing disease was one of chronic emaciation 
(fig. 1). The carcasses were ‘‘ hide-bound,’’ 
the coat dull, with a rough and faded 
appearance, and decubitus ulcers from 
prolonged recumbency were frequently 
present. 

At necropsy there was generally an ab- 
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sence of body fat, making subcutaneous 
and intramuscular fibrous tissues unusu- 
ally prominent. This was accompanied, in 
some cases, by a generalized edema or 
ascites or both. Small blood vessels en- 
countered in the tissues were often calci- 
fied. In a few animals, small scattered 
areas of muscle appeared edematous and 
pale pink, similar in appearance to muscle 
of animals affected with ‘‘white muscle 
disease’’ (muscular dystrophy, avitamin- 
osis E). 

Circulatory System.—The coronary fat 
was often replaced by edematous fluid 
(serous atrophy) and there was some- 
times calcification of coronary blood ves- 
sels on both sides of the heart. In some 
cases, the right atrium showed calcified 
deposits in the endocardium, more partic- 
ularly around the opening of the vena 
cava, but although the right ventricle 
was frequently hypertrophic it was never 
found to show calcium deposits. In many 
instances, the left side of the heart showed 
extensive calcification, the ventricle being 
particularly affected and the process affect- 
ing the auricloventricular and semilunar 
valves and extending into the aorta. The 
apex of the ventricle was affected least 
of all. The aorta was calcified and, in 


Fig. 1—A 4-year-old 
heifer affected with Man- 
chester wasting disease. 
Note slightly flexed knees 
and straight hocks. The 
arched back and general 
emaciation are typical. 
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severe, long standing cases, the deposits 
sometimes extended throughout the entire 
length. This resulted in the formation of 
a rigid inelastic tube with distortion, due 
to the irregular projection of calcified or 
bony plates into the lumen (fig. 2). In 
less advanced cases, lesions were restricted 
to the bulb of the aorta and to such sites 
as the iliac bifurcation or the origin of 
the renal and carotid arteries. 
Calcification of large and medium-sized 
arteries was usually found but varied in 
extent and situation. Calcified plaques 
were sometimes present in the jugular 
veins, or venae cavae (fig. 3). 
Respiratory System. Excessive pleu 
ral fluid was present in instances. 
On the pleura, small areas of calcific depo- 
sition were sometimes present, especially 
on the diaphragm. In animals which died 
suddenly, petechial hemorrhages were 
sometimes found in similar situations. The 
lungs were affected in varying degrees. In 
advanced cases, parts of the lungs, more 
usually the posterior borders, failed to col. 
lapse when the thorax was opened and were 
found to contain areas of calcification (fig 
4). Such areas, sometimes as much as two- 
fifths of the lung, on palpation felt like a 
“‘loofah’’ sponge. These calcified areas, 
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where lacunae up to 5 mm. in diameter 
were found, were surrounded by wide 
bands of emphysema, especially between 
lobules, and by areas of congestion. Al- 
though carnified areas resulting from past 
pneumonie changes were sometimes seen, 
active pneumonia was not commonly pres- 
ent. Lung worms and resulting changes 
were observed but were not commonly 
present. 

Urinary Systems.—-The kidneys usually 
showed areas of scarring extending into 
the medulla, resulting in a local depres- 
sion of the cortical surface. In some kid- 
neys, the medulla was poorly defined. Re- 
tention cysts containing erystals of triple 
phosphate and calcium carbonate were 
seen in some. 

The bladder usually showed no abnor- 
malities but occasionally, when associated 
in life with hematuria, calcified deposits 
surrounded by areas of recent hemorrhage 
were found in the mucosa. 

Digestwe System.—The liver was nor- 
mal in size and appearance in most in- 
stances but calcified deposits were found 
on the wall of the abomasum and in the 
mesentery of a few. The mesenteric arter- 
ies were commonly calcified. 
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Spleen.—The spleen sometimes showed 
areas of calcium deposits in the capsule 
or trabeculae. 

Skeletal System.— The joints of both 
fore limbs and hind limbs, especially the 
weight-bearing joints, showed progressive 
lesions terminating in destruction of the 
articular surfaces. These became rough- 
ened, soft, and chalky, especially around 
areas of ligamentous attachment. Eroded 
areas up to 20 mm. in diameter appeared 
in the articular surfaces, extending through 
the cartilage to the underlying softened 
bone (fig. 5). There was little or no in- 
flammatory reaction or pus formation in 
association with these lesions, which were 
considered to result from occlusion of 
terminal arterioles. The bones were nor- 
mal in appearance, texture, and hardness. 
Chemical analysis showed an apparent in- 
crease in the percentage of phosphate over 
the amounts present in normal bone. 

The tendons, especially in the legs but 
also those elsewhere, and such elastic tis- 
sues as the diaphragm, showed discrete 
areas of calcification. The calcification of 
the ligaments of the legs appeared to cause 
pain and to restrict movement. 


Fig. 2—Gross aspect of left side of heart and aorta of heifer showing rugosity of aorta due to 
calcific deposits. The semilunar valves are thickened and rigid and there are calcific deposits 
in the atrium and on the cord@ tendine# and wall of the ventricle. 
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Heart.—There was thickening and ecal- 
cification of the endocardium sub- 
endocardial tissues which was unrelated 
to coronary blood vessels and not second- 
ary to degeneration of myocardium, sueh 
as may result from embarrassment of the 
coronary circulation. In some sections of 
the mitral valve, there was diffuse caleci- 
fication. The myocardium showed areas 
of hyalinization and interstitial inflam- 
matory reaction, with collection of mono 
nuclear cells and edema in some sections. 
Sarcocysts were present in most sections 
(fig. 6). 

Arteries.—Aorta.—There was a marked 
calcification of the intima extending into 
the media and in places the internal elastic 
membrane was disrupted. In the affected 
area, the pre-existing elastic fibers were 
fragmented or destroyed while some new 
fibers had been formed diffusely through 
out and surrounding the area. 

Medium-Sized Arteries (Carotid, He 


Fig. 3—Carotid artery 
(left) and jugular vein 
(right) from heifer show- 
ing extensive subendocar- 
dial calcification. 


MANCHESTER WASTING Dtseast 


Fig. 4—Gross aspect of part of border of lung of 
heifer showing calcification (see fig. 8 and 9). 


patic.— Again there was calcification of 
the intima and of the media with damage 
of the internal elastie membrane which 
was fragmented and interrupted. How 
ever, in certain areas there was also a 
swelling of the intima and partial occlu 
sion of the lumen. In certain sections, the 
calcific deposits in the media appeared to 
be older than those of the intima (tig. 7). 
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Small Arteries (Kidneys, Musculature ).— 
These showed arteriosclerotic changes with 
thickening of the intima. In some sections, 
hyaline changes of the arteries of the kid- 
ney were seen (fig. 8). 


Fig. 5—Articular surface of joint of heifer show- 
ing ulceration and degeneration. 


Veins (Posterior Vena Cava).—There 
was a deposition of calcium mainly in the 
intima, but small amounts also in the me- 
dia, with fragmentation and destruction of 
elastic tissues in the areas so affected. In 
some of the large veins, in addition to cal- 
cium deposits in the media, either isolated 
or in connection with small processes in 
the intima, there were areas of degenera- 
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tion with surrounding inflammatory reac- 
tion. Apparently, subsequent collagen dep- 
osition and scarring resulted in these areas. 

Lung.—The alveolar walls in certain 
areas were greatly thickened through ac- 
cumulation of collagen and deposition of 
material which had the tinetorial charac- 
teristics of calcium. Capillaries were pres- 
ent in the thickened walls, and there was a 
tendency for calcium to be deposited on 
the alveolar sides of the wall. 

It appeared that, initially, there had been 
a deposition of rather edematous-looking 
reticular tissue padding the alveolar wall, 
subsequently followed by deposition of col- 
lagen and calcification. Repetition of this 
process had resulted in greatly thickened 
calcified alveolar septums. Stages of this 
process are shown (fig. 9 and 10). Mucin 
was not found in these areas. Emphysem- 
atous areas were frequently present. 

Concentric thickening of arteries and 
veins with hyalinization of the walls and, 
in some sections, obliterating endarteritis 


was seen. 

Some sections showed the lesion to be so 
advanced that reconstruction of the mor- 
phogenesis was impossible. 


Fig. 6—Section of endo- 

cardium of the heifer 

showing subendocardial 

calcification. Hematoxylin 
and eosin. x 43. 
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Kidneys.—In some cases, there were cal- 
cific deposits in the renal arteries and in 
the interlobular arteries where the intima, 
and sometimes parts of the media, were in- 
volved. No distinct changes were seen in 
the glomerular vessels but, occasionally, a 
protein-like material was present in Bow- 
man’s capsular space. 

The proximal convoluted tubules showed 
hyaline droplet degeneration of the epithe- 
lium and contained casts which, in parts, 
appeared to be composed of a calcium-like 
substance, especially at, or close to, the cor- 
ticomedullary junction. In material re- 
ceived from Buenos Aires, the tubular epi- 
thelial cells were markedly degenerated in 
aspect, despite the fact that fixing was 
thorough and made within 30 minutes 
after death of the animal. 


Fig. 7—Section of me- 
dium-sized artery of 
heifer showing calcifica- 
tion of media and re- 
duplication of internal 
elastic laver. Hematoxylin 
and eosin. x 150. 
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Diserete calcium deposits were some 
times seen in the kidney parenchyma while 
in other sections an interstitial round-cell 
infiltration along with some cortical scar- 
ring, presumably arterioseclerotic in nature, 
was present. There were also foci of round 
cells in the corticomedullary region. 

Bladder and Ureters.—No remarkable 
histopathological changes were observed. 

Spleen.—There was a considerable 
amount of hemosiderin in the splenic pulp, 
also fibrosis, congestion, and ecaleium 
deposits in the capsule and in 
trabeculae. 

Lymph Nodes. 
some sinusoids and an 


some 


Except for widening of 
occasional eosino- 


philia, no remarkable histopathological 
changes were seen. 
There was deposition of 


Abomasum. 
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calcium in the interstitial tissue of the mu 
cosa in the fundus region, and also degen- 
eration, necrosis, and calcification of mu- 
cosal epithelium in a few isolated areas. 
In one section, there was also an indication 
of calcium deposition in the museular coat 

Nmall Intestines.-Hemosiderin was 
demonstrated in the subepithelial tissues. 

Liver.—Glisson’s capsule was greatly 
thickened and some areas showed deposi 
tion of calcium along with a 
cellular infiltrate 

chronic Was 
with focal increase of polymorphonuclear 
leukocytes, sometimes coinciding with areas 
There was some in 
crease of periportal fibrous tissue and Lym 
phoeytic infiltration of the portal triads 
ile pigment liver 
and there the 
Kupffer’s cells. 

Bone.—The bone appeared normal, his- 
tologically. 

Skeletal Musele. 
were observed, 
with 


mononuclear 


Venous congestion seen 


of severe congestion. 


was present i 


Wats 


some 


cells hemosiderin in 


Areas of calcification 
presumably occurring in 


association small arteries. 


There were calcifie deposits, 


Tendons. 
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especially in fibrocartilaginous areas, such 
as near tendon insertions 

Diaphragm.—Some chronic inflamma- 
tion with interstitial infiltrate and caleific 
deposits, surrounded by foreign body giant 
cells, was seen, especially in the fibrous 
part 

Endocrine Glands.—No_ histopathologi- 
cal changes were seen in the thyroid, pitu- 
itary, or adrenal glands 

Ovary.—No remarkable 
cal changes were seen. 

Uterus.—No histopathological changes 
were noticed except calcium deposits in the 
arteries. 

Shin.—No_ specific 


changes were seen. 


histopathologi 


histopathological 


BioCHEMICAL FINDINGS 


In animals affected with Manchester 
wasting disease, there appears to be an in- 
crease in the calcium content of the cireu- 
lating blood (table 1, figures quoted from 
Arnold and Fincham '! 

Comparison of Blood Calcium and Phos- 
phorus Figures from Cows Affected with 


Manchester Wasting Disease and Normal 


Fig. 8—Section of small 
artery of heifer showing 
calcification of subendo- 
thelium and media. Hema- 
toxylin and eosin. x 43. 
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TABLE i—Calcium Content of Circulating Blood 
of Animals Affected with Manchester Wasting 
Disease 


Serum 
calcium 
per 
100 
of blood 


(me 


Cows affected 
with Manchester 
Vasting diseas 
Clinically norma 
ows from “red 
earth grazin 
Normal cows 


from plains 11.6 


onsidered more than 


These 
those quoted by 


figures» are comparatle 
\rnold in a later note because of a 
for the 
figures are directly 
used throughout 


change during that period in laboratory technique 
aleium The 


technique was 


estimation of above 


comparable as a ing 


Nimilar Areas and from 


Chemical analysis of 
from an aortie plaque 


Animals from 
Lowland Grazings 


calcified material 


Fig. 9—Section of lung 
of heifer showing thick- 
ened alveolar septums 
with calcification and col- 
lagenization. x 260. 
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vave figures of 45.6 cent of caleium 
oxide and 42.0 per cent of phosphoric an 
hydride which would correspond to an 
approximate composition of calcium phos 
phate (CA,|PO,|,), 84 per cent and eal 
, per cent 
Forcignu Material.—Through the cour 
tesy of Dr. Rosenbuseh of Buenos Aires, 
Dr. Mueciolo of Sao Paulo” and Dr. Wil 
lers of Hawaii,'* material of animals suf 
fering from enteque and naalehu diseases 
was made available to us, and on visits to 
South America by one of the authors there 
Was Opportunity to perform necropsies and 
material, Histological examina 
tion of these pieture 
similar to that in the Jamaican animals, 
except that in the material from Hawaii 
there were more severe histopathological 


cium carbonate (CaCO 


to collect 


tissues revealed a 


changes in the heart than we had observed 


in the Jamaican specimens. Tere the pres 


phosphorus 
ani No of bleed 
7 12.2 
’ 
| 
2. 
© 
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Fig. 10—Section of lung of heifer showing thick- 
ened alveolar septums with calcification and col- 
lagenization. x 173. 


ence of calcium deposits had given rise to 
a foreign body reaction, while the suben 


docardial muscle fibers, which depend 
partly upon diffusion through the ende 
cardium for their supply of nutriments, 
showed signs of anoxia and degeneration. 
apparently as a result of the thickening of 
the overlaying endocardium. Fibrous sep- 
tums inside the myocardium were also 
found to be greatly thickened and to show 
calcific deposits. Aside from this one dif- 
ference, which is considered to be due to 
these sections representing a more ad- 
vanced stage than had our previous Ja- 
maican ones, the material from all four 
sources showed an identical disease process. 


DiscuSssION 


The animals examined presented an 
emaciated appearance and showed a depo- 
sition of calcium salt in various soft tissues 
of the body, with a predilection for blood 
vessels, particularly the larger ones, and 
for the lungs. The lesions in the arteries 
and veins, with the resulting rigidity and 
loss of tone, must have interfered with the 
circulation and with proper oxygenation 
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of the tissues. In advanced cases, the lungs 
suffered severely, presumably with loss of 
elasticity and severe impairment of respi- 
ratory movements. The greatly thickened 
alveolar walls must have impeded gaseous 
exchange. It is probable that such changes 
in arteries and lungs were factors in the 
development of hypertrophy of the right 
side of the heart and chronie venous con- 
gestion of the liver. 

The hemosiderosis, as observed in the 
spleen and to a small extent in the liver 
and the gut, is not fully explained. There 
is little evidence that this might be corre- 
lated with breakdown of red blood cells. 
In some animals petechiae were noticed, 
probably as a_ result of local anoxia 
with damage to capillary walls causing 
hemorrhage. 

The underlying cause of the pathologi- 
cal calcification can not be clarified from 
the morphology and will require additional 
experimental studies. [It does appear, how- 
ever, that the underlying disease process 
is a pathological calcification with certain 
preference for the organs discussed, rather 
than specifically a disease of blood vessels 
or any organ system of the body. 

In the literature, pathological calcifica- 
tion is commonly classified in certain sub- 
groups although it is not possible to make 
a clear distinction in all cases. 

Dystrophie calcification is the deposition 
of lime salts in dead or degenerating tis- 
sues and is the most frequent type of 
pathological calcification. It occurs in ex- 
tremely varied locations, common sites being 
-in areas of tuberculous necrosis, in blood 
vessels in arteriosclerosis, in areas of fatty 
degeneration and necrosis, in degenerating 
thyroid tissue, and in degenerating tumors. 
Dystrophie calcification is not dependent 
upon an increase in the amouut of calcium 
in the blood but rather appears to be de- 
pendent upon local microchemical reac- 
tions in the tissues. Local alkalinity in 
comparison with adjacent undamaged tis- 
sue appears to be the important factor 
initiating the precipitation of caleium in 
degenerating and dead tissues. 

We have not observed any areas of ne- 
crosis or degeneration which might lead us 
to believe that such processes preceded the 
pathological calcification in Manchester 
wasting disease. 

Metastatic calcification is the precipita- 
tion of calcium salts in tissues previously 
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normal but with a tendency toward alka- 
linity. This disease process in man has 
been excellently reviewed by Mulligan," 
who states that bone disease, primary neo- 
plasia of the parathyroid and hypervita- 
minosis D, alone, or in combination, have 
been incriminated as causative factors. 
Mulligan’s review includes an evaluation 
of the experimental work done in animals 
in which parathyroid extract, vitamin D, 
and diets supplemented with various min- 
erals have been employed to produce meta- 
static calcification. Another factor in the 
production of this calcification is retention 
of phosphate in the blood following dam- 
age to renal parenchyma as a result of a 
variety of kidney diseases. 

Supersaturation of blood serum with 
calcium and phosphate ions, reduction of 
the concentration of hydrogen ions in the 
tissues, phosphatase activity, and tissue in- 
jury due to the initial calcific changes are 
other factors to be considered. 

The histopathological and chemical find- 
ings in Manchester wasting disease support 
the hypothesis that the disease process in- 
volved is essentially a form of metastatic 
calcification. The possibility that a patho- 
logical parathyroid is operative in the 
present case is remote, in our opinion, as 
there appears to be no rarefaction of bone 
and the distribution of the condition ac- 
cording to breed, sex, or age, and its asso- 
ciation with particular localities, appears 
to indicate that the cause is not hormonal. 

Osteoporosis and massive deposition of 
calcium salts occurring in the soft tissues, 
including the kidneys, has been observed 
in man,’* sheep,’* and rats'* following 
massive overdoses of irradiated ergosterol. 
The pathological changes in general are 
similar to those of Manchester wasting dis- 
ease with the exception of the severity of 
the renal lesions, which we believe may be 
accounted for by the different pH of the 
urine in the different species. While the 
syndrome of Manchester wasting disease, 
as it occurs in nature, can not be directly 
attributed to an excess of vitamins of the 
D group, it shows many similarities to ex- 
perimental or accidentally induced hyper- 
vitaminosis D. 

Other authors, some of whom are listed 
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by Hawkins ef al.,'® have attributed simi- 
iar lesions in experimental work to various 
excesses or imbalances of the mineral con- 
stituents of their diets, and experimental 
and field data in Jamaica support the hy- 
pothesis that such factors are involved in 
the causation of Manchester wasting dis- 
ease. While the precise etiological factor 
of this syndrome still awaits definition, ex- 
perimental work to date (which will be re- 
ported in full in a future paper) suggests 
that excesses of calcium in the presence of 
a high ecalciferol intake, associated with an 
actual or conditioned deficiency of minor 
elements, may be implicated. 


SUMMARY AND CONCLUSIONS 


A detailed description of the histological 
changes found in Manchester wasting dis- 
ease of cattle is given. The essential patho- 
logical process is considered to be a form 
of metastatic calcification. On the basis of 
a comparison of the symptoms and gross 
and microscopic pathology, the condition 
is considered to represent the same syn- 
drome as those known as ‘‘enteque seco”’ 
in South America and ‘‘naalehu disease’’ 
in Hawaii. 
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Abscesses of the Pharyngeal Region of Swine 
Bacteriological Examination of Exudates 


J. R. COLLIER, D.V.M., Ph.D. 


Ames, Towa 


THis was undertaken to determine 
whether or not Lanecefield’s group E Strep- 
tococcus * is regularly associated with a 
certain kind of abscess of the pharyngeal 
region of swine, 
Stafseth and Clinton, 
Collier 


condition 


this 


Snoeyenbos al 
this 
deseribed the 
United States, 


have associated bacterium with 
first 
sions of this disease in swine 
range 
10 em. in diameter. 


Newsom ‘ gross le 
in the 
less than | em, to more 


The 


nodes of the 


The from 
than 
embedded 
The 
distinetly greenish in eolor, and varies 
Supe rfleinlly 


smaller lesions are 


in the lwmph pharyngeal 


region, cudate is echarneteristieally nonodor 


in «on 


sistency from ereamy to glutinous, 
located abseesses are readily observable in the live 
animal, but deep lesions are difficult to deteet and 
may be revealed only at slaughter, 


The 


ously 


disease characterized above bas been vari 
enlled fe 
eal ar 
Piekard, 
lishments loeated in various regions of the United 
States, 
at slaughter to be 


total 


“ler hoils,’’ jowl abscesse s, 


strangles of hogs. A survey by 


including data from meat packing estab 


heads 
cent of the 


operators of 


showed condemnations of abscessed 
as high as 7 per 
The 
slaughtering en 
that they suf 
du to 


of thi 


hog kill in some plants, 


one establishment’ of moderate 


pacity in eastern Lowa estimated 


fered an annual loss of at least 


condemnations of swine heads 


disense 


MATERIALS AND 


Unopened abseesses were obtained from meat 


packing establishments for baecteriologieal exami 
These 


of the federal meat 


nation specimens were selected by veter 


inspection serviee and 
The 310 
taken 


and west 


shipped in fresh chilled condition 
(table 1) 
raised in 
128 


| 


included in lot 1 were from 
that were 
Illinois. The 


about 


swine eustern Lowa 


eru abseesses included in lot 


from northern 
Ohio, Lot 3 
colleeted 


located 


eame (in equal numbers 


lowa, southern Minnesota, and con 


sisted’ of 
tically from the 
in various parts of Towa. 


specimens of exudate 


lesions of swine on farms 


Standard bacteriological methods were employed 


in the processes of initial isolation and pure cul 


member of the Department of Veter 
State College Ames 
dissertation 
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for the 


Dr. Collier is a 


inary Hygiene at lowa 


This submitted 


Ames, in 


material is based 
to the Graduate College 
partial fulfillment of the 


Doctor of 


upon a 
State 
requirements 


lowa 
degree 


Philosophy 


various kinds of bacteria en 
Smears of the 


were stained by Gram’s method, and duplicates of 


study of the 
countered in the 


ture 
surveys exudates 
10 per cent of them were also stained by the aeid 
fast method, The exudates 
vine blood agar The 
exudates were also streaked on sodium azide-erys 
tal violet agar kind 
oped by for the isolation of streptoeoeei. 


were streaked on bo 


plates atypical appearing 


blood medium of the devel 
Packet 
Duplicate blood agar plates, prepared from 10 per 
under anaer 


of all exudates, ineubated 


Ten per cent of all exudates were 


cent were 
obie conditions. 
also inoculated on Sabouraud’s medium, 


A battery of carbohydrate 
ful in the identification of the group E Strepto 


mediums, found use 
included lactose, mannite, raffinose, saliein, 
broths. 
identified as 


COCCUR, 
Five pei 
this 


biochemiea! 


and inulin 
that 


basis of 


sorbitol, trehalose, 
cent of all 


group, on the 


cultures were 


cultural and 


were also subjected to serological 
further The 
serologien! method employed was a combination of 


Lancefield 


characteristies, 
grouping as a means of identification. 
the mieroprecipitin test developed by 
and the formamide 
by Fuller” Part of the 
sent to Dy 


developed 
identified 


method 
thus 
Updyke ~ for confirmation, 


extraction 
eultures 


were 


RESULTS 


No evidence of Mycobacterium tubercu- 
losis Was obtained on microscopic exami- 
nation of the smears of the exudates that 
were stained by the acid-fast method. No 
fungi grew on the Sabouraud’s medium. 
Inoculated mediums that were ineubated 
anaerobically vielded no different kinds of 
bacterial than obtained on 
duplicate mediums incubated aerobically. 

On blood agar the group E Streptococ- 
cus grew slowly and showed little evidence 
of hemolysis after 24 hours of incubation ; 
however, at 48 hours the isolated colonies 
typically measured O.8 mm. in diameter 
and were surrounded by sharply defined 
circular zones of bela-type hemolysis meas- 
uring 1.5 to 2.0 mm. in diameter. Ocea 
sional strains of this organism induced no 
hemolysis on the blood agar. The non- 
hemolytic colonies possessed the high con- 
vex or globular appearance characteristic 
of all the hemolytic strains of this group 
encountered in this survey and, for that 
reason, were but little difficult to 


growth were 


more 
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detect on the blood agar. The blood agar 
cultures of occasional exudates were over- 
grown by Proteus sp. or crowded with 
various kinds of bacterial growth. The 
sodium azide-crystal violet blood agar 
medium was invaluable in isolating this 
group in these instances. 

In beef infusion broth, the group E 
Streptococcus produced growth that was 
characterized by uniform turbidity, no 
pellicle formation, and a slight to moder- 
ate precipitate of cells. Chains of three 
to 16° gram-positive cocci were observed 
under the microscope in stained prepara 
tions from the broth medium. Acid pro 
duction in carbohydrate mediums was 
usually apparent after 24 hours of incu- 
bation. This group characteristically pro 
duced acid but no gas in mannite, saliein, 
sorbitol, and trehalose broths, but not in 
lactose, raffinose, or inulin broths. Oveca 
sional strains were slow or negative in pro- 
ducing acid from sorbitol. Almost without 
exception, the Streptococcus produced 
transitory reduction in litmus milk which 
Was apparent after 16 to 24 hours but 
was reversed at 48 hours from the time 
of inoculation. 

The group Streptococeus was con- 
sistently isolated from all classes of speci 
mens. There were 421 isolations of this 
microorganism from the 492 specimens ex 
amined for an overall incidence of 85.6 
per cent. The breakdown in numbers of 
isolations of this group from various lots 
is shown (table 1). The higher percentage 
of pure cultures and total isolations of 
this organism from the exudates in lot 1, 
as compared to lot 2, was associated with 
a more careful selection of the specimens 
in the former lot to avoid excessive mum 
bers of lesions in the advanced stage of 
development (i.¢., those with necrotie over 
lying skin). The highest incidence of pure 
cultures and total isolations of this organ 
ism, and the lowest incidence of other 
kinds of bacteria, were obtained in Jot 3 
These results would suggest that the in 
cidence of this organism from the exu 
dates of abscesses of the pharyngeal re 
gion of swine is a function of the selection 
of the specimens. 

The following list includes the name 
and the over-all incidence of each of 11 
kinds of bacteria, other than the group 
E Streptococcus, that were isolated from 
abscess exudates: Corynebacterium py- 
ogenes (12.8%), Pasteurella multocida 


ABSCESSES OF THE PHARYNGEAL REGION oF 
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(5.8990), Proteus ammoniac (3.25% 

Streptococcus equisimilis (14200), Esehe 
richia coli (1.02%), Streptococcus zooepi 
demicus (0.831%), Aectinomyecs havis 


TABLE 1—Incidence of Pure Cultures and Total 

Isolations ot the Group E Streptococcus from 

the Exudates of Abscesses in the Pharyngeal Re 
gion of Swine 


Number Total 
Sources of of Pure cultures isolations 
Lot abscesses abscesses of group of group 
(No examined examined Streptococcus Streptococcus 
Packing 
plant A 510 217 
2 Plants 
D 128 65 (50.8% 
Variou 
field cases 4 
Total: 402 1 (67.3% $21 (45.6 
Seven abscesses in this group yielded n bart ‘ 
rowth 


(0.41% ), Spherophorus necrophorus 
(0.41% ), Proteus vulgaris (0.20%, Salmo 
nella typhimurium (0.2067), and Staphy 
lococeus aureus (0206 


Disc USSION OF Rest 


In order to be considered as a possible 
etiological agent of an infectious disease, 
a microorganism must be regularly asso 
ciated with that particular condition, The 
group E Streptococcus, with an over-all 
incidence of 85.6 per cent, is the only bae 
terium, in this survey, that comes near to 
meeting this requirement. All remaining 
kinds of microorganisms obtained in- the 
cultural survey may be excluded from cou 
sideration as possible etiological agents of 
the pharyngeal abscess disease of swine on 
the basis of infrequency of occurrence, o1 
lack of known association with suppruira 
tive processes in swine, or lack of reputa 
tion as pathogens, or because of a combina 


tion of these reasons 


SUMMARY AND CONCLUSION 


1) A beta hemolytie Streptococcus sp 
belonging to Laneefield’s serologie group 
KE was isolated from 421 (85.647) of 492 
exudates from abscesses of the pharyvugeal 
region of swine 

2) Eleven other kinds of microorgan 
isms were isolated and identified from 
these same exudates. The incidences of 
these organisms ranged from 12.8 per cent 
to 0.20 per cent. 

3) The group Streptococcus is regu 
larly associated with the exudate of a 


; 
= 
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certain kind of abscess that occurs in the 
tissues of the pharyngeal region of swine 
and, on that basis, is worthy of consid- 
eration as the etiological agent of that 
condition. 
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The Effect of Octin on Baby Pigs Infected with 
Transmissible Gastroenteritis Virus 


ELWOOD F. REBER, Ph.D., and PAUL D. BEAMER, D.V.M., Ph.D. 


Urbana, Illinois 


THE EFFECT of transmissible gastroenteritis 
(TGE) upon the nutrition of baby pigs 
has been presented.':* There is an abnor- 
mal loss of water and electrolytes by the 
pig when infected with this virus. This 
loss may be due to the increased propulsive 
motility of the intestines resulting in de- 
creased opportunity for absorption. This 
is a report of an attempt, by the use of a 
drug, to reduce the propulsive motility of 
the gastrointestinal tract of pigs infected 
with TGE. 


MATERIALS AND METILODS 


A series of tests were made with octin.* One 
test evaluated its effects on the motility of iso 
lated rabbit or swine intestinal sections; a see 
ond test evaluated its effects when administered 
orally to TGE-infected pigs less than 1 week of 
age; and a third test evaluated its effects when 
administered intramuscularly to TGE-infected pigs 
approximately 4 weeks old. 

The technique as described by Reber® was used 
to determine the effect of oetin when added to a 
bath surrounding an isolated intestinal section of 
rabbit or swine. This was done as a preliminary 
observation to the use of this drug in vivo to re 
duee propulsive motility of intestine in diarrheal 
conditions, 

The same source of virus was used in the second 
and third tests. The virus was a strain originally 
recovered from a field outbreak in Illinois and 
had been passed through approximately 10 gener 
ations under laboratory conditions. Previous ex 
perience had shown that this strain of virus con 
sistently produced symptoms of TGE in pigs 4 to 
6 days of age. To prepare the exposure dose of 
virus, the gastrointestinal traet and contents of 
an exposed pig which had developed characteristic 
symptoms and lesions was finely ground with ster 


From the Departments of Veterinary Physiology and 
Pharmacology, Veterinary Pathology and Hygiene, Uni 
versity of Illinois, and Agricultural Experiment Station 
Urbana, as a collaborator under the North Central Ke 
gional Agricultural Experiment Station cooperative re 
search project entitled “Death Losses in Young Pigs.’ 

The authors express their appreciation to Mr. K 
Twardock, Mrs. R. Ballog, Mr. J. W. Yusken, and Mr 
kh. Schnepper, College of Veterinary Medicine, University 
of Illinois, for technical assistance; and to Dr. L. Mi 
chaud, Veterinary Research Department, Merck & Co 
Inc., Rahway, N. J., for the B-complex vitamins. 

* Each milliliter of octin contains 0.1 Gm. isomethep 
tene, methyliso-octenylamine, hydrochloride, with 0.2 per 
cent paraben esters; Bilhuber- Knoll Corporation, Orange, 
N. J. 


ile sand and diluted with 9 times its volume of 
sterile physiological saline. All exposures were 
made per os by adding 1 mil. of this 10 per cent 
gastrointestinal tract suspension to the milk, 

In the second test, the oetin used was the com 
mercially available product dissolved in water at 
the proportion of 2 gr. of octin to 50 ml. of water. 
Octin was administered to the pigs by adding ap 
propriate amounts of this solution to the milk at 
feeding time as indicated in each experiment, 

A total of 28 pigs between 4 and 6 days of age 
were used. These pigs were farrowed by appar 
ently healthy sows and removed to individual 
modified Horsfall-Bauer units’ at 3 to 5 days of 
age. On being confined in isolation units, they 
were offered 90 ml. of a mixture of 2 parts com 
mercial evaporated milk and 1 part tap water’ 
at 8:00 a.m, 12:00 m., and 5:00 p.m. All isolated 
pigs learned to drink this reconstituted milk 
within 12 hours of isolation. 

The 28 pigs were separated ifto three groups 
designated A, B, and C (table 1). Two pigs in 
group A received neither oetin nor virus, 2 re 


ceived infectious material only, and 7 reeeived 


TABLE i—Effect of Octin on Pigs Less than 1 
Week of Age Infected with Transmissible Gastro- 
enteritis Virus 


Nec 
Symp ropey 
Exposure Treatment tome findings 


EXPERIMENT A 
None None None None 
lee, 10% None ; + 
Gil tract 
suspension 
lee, 10% 1/12 gr. octin 
Gil tract per feeding 
suspension from exposure 


Experiment B 
None None . None 
1 ce. 10% None ; 
GI tract 
suspension 
lee. 10% 1/25 gr. octin 
GI tract per feeding 
suspension from exposure 


EXPERIMENT © 
None None None 
lee. 10% None + 
Gil tract 
suspension 
1 1/25 gr. oetin 
GI tract per feeding 
suspension beginning 24 hr 

after exposure 


Positive reaponse to TGE infection; Gl-—gastroin 
testinal tract 
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4 
i 
op 
No 
pigs 
2 
2 
} 
2 
2 
6 
f 
2 None = rk: 
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TABLE 2—Effects of Administration of Octin on 
Nutrient Balances of Noninfected Baby Pigs 


No octin Oectin 


12 

to 165 
29 
215 


69 to 546 


No. of trials 
Av. 24 hr. wt 
Kange 53 
Av. age 
Av. 24 hr 
Kange 

Av. 24 hr 
Ikange 


gain (fom 


(days) 


Na retained (mg.) 


K retained (mg. ) 
518 to 
8709 
8601 to 3417 


retained (mg.) 

2000 to 4272 
24 35 
54 54 


70 


Na retained (4, ) 
K retained ) 
N retained 


Taken from Reber and Yusken?* 
both 
per feeding beginning at 
continuing until death, 
the same group A exeept 6 pigs 
fected with given 1/25 grain of oetin 
per feeding. was treated in the same 
manner group A TGE- infected pigs 
were given 1/25 grain of oetin beginning 24 hours 
after 
In the third test, older pigs were used. A pre 
the of 7 Hampshire 
and 3 TGE-infeeted) to de 
u high dietary sodium level, 
that 
mil, 


and 1/12 grain of oetin 
the time of exposure and 


Group B was treated 


infectious material 
in 
manner in 
TGE 


Group © 


iis 
were 


iis except 3 


exposure, 


vious report’ deseribed 
pigs (4 


termine the effects of 


use 


noninfected 


Following the completion of 
pigs given | 


daily. feces, 


experiment, 


noninfeeted were of oetin intra 


collected 


museularly urine, vomitus, and 
feed 
All data 


uverages, 


OXCOSS were for a 96-hour period, 


(tables 2 and 3) are expressed as 24-hous 
the 3 TGE-infected 
litter 
ootin 


Coneurrent with 
TGK-infeeted 
One milliliter of 
at the time 


two hours 


were 


Pigs 


mates which received oetin, 


was administered intramus 
for 
of 


made 


of four 
after 


Colleetions 


feeding 
the 


were 


eularly 
ut 
periods. 


periods 
for 
$8 hous 


feeding 
for 


and time 
riods 


Resets AND Discussion 


A final concentration of 0.28 mg. of oc 
tin per 100 ml. of Tyrode’s muscle bath 
solution prodneed a considerable decrease 


F. Reser ann P. D. Beamer 
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in the amplitude of rhythmic contractions 
of isolated rabbit intestinal sections. How- 
ever, this concentration had no effect upon 
the over-all length of the section, @.«., it 
did not cause relaxation or contraction of 
the muscle section. The same concentra- 
tion of octin added to a bath surrounding 
a section of a pig’s intestine decreased 
the amplitude and produced relaxation 
(lengthening) of the section. Further tests 


revealed that the effect appeared to be pro- 
portional to the concentration of oetin. 


The in vitro swine intestinal section mo 
tility test indicated octin was effective in 
reducing the rhythmic motility and in pro- 
ducing relaxation of the intestine. This 
decrease in activity, when applied to the 
intact animal, theoretically should result 
in a decreased propulsive motility of the 
gastrointestinal tract In turn, the de 
creased propulsive motility probably would 
enable the animal to make better of 
nutrients which would be refleeted in nu- 
tritional balances. This was the basis for 
using the drug on TGE-infected baby pigs 


lise 


The results of the second test using pigs 
1] week of age or less are summarized (ta 
ble 1). In all groups, the unexposed un- 
treated pigs remained apparently healthy 
throughout the experiment and no signifi- 
cant lesions were found at necropsy. Signs 
of TGE, ineluding vomition and. severe 
diarrhea, developed in the other two 
groups within 24 hours after exposure. 
Necropsy revealed lesions of TGE inelud 
ing dehydration, hemorrhage into the fun 
dic mucosa of the stomach, and atony of 
All exposed 
fourth 


the small and large intestines 
animals died between the 
eighth day postex posure 

The of the third test in 
octin was given intramuscularly to 


ana 


Which 


pigs 


results 


TABLE 3—Effects of Administration of Octin on Nutrient Balances of Baby Pigs 
Infected with Transmissible Gastroenteritis Virus 


No. of trials 9 
Av. 24 hr, wt 
Range 


gain 
74 to 105 
Av. age (days) 
Av. 24 be 
Range 
Av. 24 be 
Kange 
Av. 24hr 
Range 
Av. 24 hr. Na retained 51 
24 br. K retained (‘7 ) 12 
Av. 24 hr. N retained (%) 


Na retained (me 


K retained (me 
145% to 506 


N retained (mg.) 1774 


* Taken from Reber and Yusken;? 


to S055 


** octin given at 


Oetin 


61 
to to 29 
24 
216 
106 to 562 
to 55 
6658 to 2555 
16 
21 
i4 


290 
J02 to 568 
2RR 
214 to 395 
1069 


111 to 2590 


time of feeding; * octin given 2 hr. after feeding 


t 
% 
26 
$20 
to 337 
Av, 241 
24 be 
Av. 24 he 
2 
4 Oetin 
— 
¢ 


im. J. Ver. Res 
Oo TOBER 1956 


approximately 4 weeks of age are summar 
ized (tables 2 and 3). The administration 
of 1 ml. of octin to 1 of the 2 noninfected 
pigs caused vomiting on two separate occa- 
sions, once when given at feeding time and 
again when given 2 hours after feeding 
It was observed that the noninfected pigs 
getting the octin were more active and ex 
cited than those not receiving it. The ad 
ministration of octin to noninfected pigs 
did not affect their ability to retain so- 
dium, potassium, or nitrogen (table 2). 

The effects of octin upon the nutrient 
balances of TGE-infeeted pigs are pre 
sented (table 3). The 3 pigs infected with 
TGE given 1 ml. at feeding time were 
more inclined to vomit than the 3 infected 
pigs that did not receive octin. They also 
were more active, nervous and, for a short 
period after administration of oetin, sali- 
vated excessively. The administration of 
octin to TGE-infected pigs prior to or at 
feeding time resulted in decreased reten 
tion of sodium, potassium, and nitrogen. 
Under these conditions, the pigs had a neg- 
ative potassium balance. However, the 
administration of octin two hours after 
feeding time did not produce adverse 
symptoms nor adversely affect nutrient 
balances, nor was it beneficial in alleviat 
ing the conditions brought on by TGE 
infection, 

SUMMARY 


In vitro tests indicated oetin added to a 
bath surrounding a swine intestinal section 
decreased the amplitude of rhythmie con 


Errect oF Octin ON Basy Pics 


tractions and produced relaxation of the 
muscle. Observations made the 
effect of octin on the course of transmis 
sible gastroenteritis in 16 pigs 4 to 6 days 
Oectin added to the milk at feeding 
time at the rate of 1/25 grain and 1°12 
grain had significant effect on the 
course of the disease under the conditions 
of these experiments, Octin 
tered intramuscularly to 

mately 4 weeks of 
transmissible gastroenteritis virus. The 
administration of octin two hours after 
feeding had no effect upon the retention of 
sodium, potassium, or nitrogen, The ad 
ministration of octin to TGE-infected pigs 
at feeding time produced vomiting and de 
their retention of 


were on 


of age 
ho 
was adminis 


approxi 
with 


pigs 


infected 


age 


creased sodium, potas 


sium, and nitrogen. Octin does not appear 
to have therapeutic value in the treatment 
of pigs infected with TGE 
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A Survey of Tumors Occurring in Cattle, Sheep, and Swine 


A. W. MONLUX, D.V.M., Ph.D.; W. A. ANDERSON, D.V.M., M.S.; 
C. L. DAVIS, D.V.M. 


Denver, Colorado 


THe NeeD for surveys and detailed studies 
of the tumors occurring in domesticated 
food-producing animals in the United 
States has been more clearly recognized 
since Feldman’s excellent monograph ** 
in 1932 modernized the terminology and 
emphasized the importance of various 
groups of naturally occurring neoplastic 
diseases in animals. 

Progress in the United States in the study of 
tumors of food-producing animals in the last two 
decades has been represented 

reports, 


primarily by the 
groups of 
were of special 
other fields of ani 
were 


appearance of case 
articles,” and publications on 


kinds of tumors which 


eral 
specific 

interest,’ 
whieh discussed by 
stud 


ies conducted on neoplastic diseases of small ani 


tumor research 


Feldman, advancements are evident 


mal pets, laboratory animals,” ” 


horses,” and eaptive wild animals,” 

Research workers in foreign countries have made 
limited studies of the occurrence of 
of food-producing animals in 
of the world.” Their 
specific kinds of tumors are too numerous to refer 
to although many of them 
contributions. 


neoplastic 
different 
publications on 


diseases 
locales 
represent outstanding 
such 
this 
tumors, 


References to 
paper” from laboratory, on 
uterine and lung illustrate the 
importance of evaluating and utilizing their ob 
fields of tumor whieh 
neglected 
formation in the 


investigations 
in a reeent 
bovine 
servations in research in 


we have to obtain adequate basie in 
United States. 

In 1950, veterinarians engaged in meat 
tion pathology in the U. 8. 
Industry 
studies of 


additional 


Inspec 
of Animal 
that 


conducted as an 


became convinced surveys and 


neoplastic diseases 
their 
clarify the 


food producing 


netivity or 
help to 


project of pathology 


could diagnosis 


this 


laboratories 
of neoplasia in animals in 


country, 


Kesearch 


Service, US 


From the Animal Disease and Parasite 
Research 
Colo. Dr Davis 
Animal Eradication Branch 
AKS, Washington, D. and Dr. Monlux is 
with the School of Veterinary Medicine, Stillwater, Okla 

We are indebted to Dr. J. W. Hovorka, inspector-in 
charge, Dr. A. L. Stigers, assistant 
(now inspector-in-charge, Meat 
U.S.D.A Dubuque, lowa), and to the veterinarians 
assigned to the Meat Inspection Branch, ARS, U.8.D.A 
Denver, for their with veterinarians at the 
Animal Disease and Parasite Research 
tory in the collection of specimens. All of the 
reported in this survey were detected in routine meat in 
procedures by veterinarians 


tranch Laboratory, Agricultural 
DA Denver Federal Center 


with the 


Denver 


is now Disease 


inspector in-charge 


Inspection Branch AKS 


cooperation 
Branch Labora 
tumors 


spection these 


Steiner and Bengston’s excellent preliminary 
paper” indieates the role that the Federal Meat 
Inspection Service can play in aiding the study 
of neoplastic diseases in food-producing animals. 

The Animal Research Labora- 
tory at Denver began a survey in 1953, 
to determine the relative occurrence of tu- 
mors in slaughtered animals at one stock- 
yard. It was realized that the occurrence 
of tumors in one area of the country would 
not represent a completely accurate cross 
section of the problem but, nevertheless, 
it was an approach which could be at- 
tempted at that time. 

The entire picture of neoplasia in food- 
producing animals can never be fully ap- 
preciated or understood by a study limited 
to tumors which are apparent at the time 
of slaughter. Nevertheless, few important 
types of tumors can escape detection in 
such a survey unless they consistently re- 
sulted in the death of young animals. 
Malignant lymphoma is recognized as a 


Disease 


TABLE 1—-The Number and Type of Bovine Tu- 
mors Collected in 1953 and 1954 
Type 1954 Total 
pithelial Tumors 
Ocular squamous cell 
Adenocarcinoma of uteru 
Metastatic adenocarcinoma 
(probable uterine origin 
Carcinoma of the lune 
Adenocarcinoma of the intestine 
(vary 
Kidney 
Gallbladder 
Liver 
Metastatic adenocarcinomas 
(not of uterine origin 
Adrenal 


Squamous cell carcinoma of skin 


cortical 


Metastatic squamous cell carcinoma 
(not primary ocular tumor) 
Squamous cell carcinoma of vulva 
Multiple papillomas of oral cavity 
Vonepithelial Tamors 
Lymphoid 
Schwann cell 
Adrenal medullary 
Smooth musele 
Angioid 
Fibrous connective tissues 
Mesothelioma 
Melanoma 
Lipoma 
Meningioma 
Totals 


* Partial collection for only the calendar year 


no tumors collected 
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TABLE 2—The Number and Type of Ovine Tu- 
mors Collected in 1953 and 1954 


Type 1953 1954 Total 


Epithelial Tumors 
Metastatic adenocarcinoma 


(primary site undetermined ) 1 4 5 
Adenocarcinoma of kidney 1 1 
Adenocarcinoma of thyroid 1 1 
Liver 3 5 7 
Adrenal cortical 5 5 
Squamous cell carcinoma of skin 1 1 2 
Squamous cell carcinoma of vulva 1 1 
Squamous cell carcinoma of eyelid 1 1 

Nonepithelial Tumors 
Lymphoid iz 20 
Myeloid 2 2 
Leiomyoma 1 1 
Angioid i 2 
Fibrosarcoma 2 2 
Chondrosarcomas 2 1 
Lipoid 1 1 2 

Totals 24 2 66 


No tumors collected 


comparatively frequent cause of death in 
calves and yet the tumor was repeatedly 
found in this survey in adult cattle. Our 
impression is that the majority of the tu- 
mors which result in the death of young 
animals of the bovine, ovine, and porcine 
species are of the lymphoid and myeloid 
types and that similar, but usually less 
anaplastic, tumors are also seen in older 
animals of these same species. There are a 
few tumors of younger animals which can 
be regarded as exceptions to this general 
rule due to their infrequent occurrence in 
older animals. One frequently brought to 
our attention is the malignant melanoma 
of young swine which may represent a 
serious problem. Many pigs in a_ herd 
may develop this malignant tumor and 
die before they reach market age. Feld- 
man'* makes reference to the observa 
tions of Caylor and Schlotthauer in one 


1953 


Porcine 


Bovine 


January 


February 2 1 1 
March 7 
April 5 ; 2 
May 1 
June i 1 

July ! 
August 6 2 

September 7 
October 10 2 

November 24 1 
December 1! 2 2 
Totals 24 11 


No tumors collected; 
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TABLE 4—The Number of Bovine, Ovine, and Porcine Tumors (Excluding Bovine Ocular 
Tumors) Collected Each Month in the Two-Year Survey 


Total 


* an ocular tumor was found 
in this table; ** two recorded tumors found in one animal in each of these 


647 


litter of purebred Duroe swine. Since no 
malignant melanomas and only three be- 
nign melanomas were detected in this sur- 
vey, it can be coneluded that melanomas 


TABLE 3—The Number and Type of Porcine Tu- 
mors Collected in 1953 and 1954 


Type 1953 1954 Tota! 
Eembryonal nephroma 4 13 
Embryonic sarcoma of vagina 
Lymphoid 3 6 ” 
Gianglioneuroma 
Fibroma ! 
Melanoma 
Totals 11 17 28 


No tumors collected 


are not an important tumor in hogs com 
ing to slaughter. 

Trotter,’ Joest,°° and Sticker * did some 
of the more thorough early work on ani 
mal tumors prior to 1932. The 150 tumors 
deseribed by Davis, Leeper, and Shelton 
in 1933 had been sent to Feldman for diag 
nosis and were the major source of that 
type of specimen for his 1932 monograph.’ 


COLLECTION OF DATA 


A review of all cases of neoplastic dis 
eases Of food-producing animals in the files 
at the Denver Animal Disease Research 
Laboratory was conducted in 1951.2" Most 
of these tumors were collected as a result 
of curiosity about the identity of a lesion 
or concern about the proper disposition of 
a carcass. To illustrate the inaccuracy of 
estimating the occurrence of tumors in ref 
erence to the submitting of routine meat 
inspection specimens to the laboratory, 
metastatic adenocarcinomas of probable 
uterine origin were the most frequently 


1954 


tovine (rvine Porcine 


10 2 
1 
10 12 3 1 16 
10 6 
6 7 2 ‘ 
2 A 3 ia 
13 6 1 10 
12 7 10 
15 6 20 
126 O5 42 17 154 


n one animal in addition to the tumor included 
groupe 


x" 
; 
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submitted carcinomas (even exceeding 
ocular carcinomas), and the common 
Schwann’s cell tumors represented only a 
sinall fraction of the neoplasms examined. 

During 1952, permission was secured 


TABLE 5—Total Number of Animals Slaughtered 
in the Calendar Years 1953 and 1954 at Denver's 
Federally Inspected Abattoirs 

Species 1055 


Cattle 
Calves 


94,085 
49.261 
sheep 565,495 
Hoge 145.476 


(roate - 


No animals of this species w slaughtered 


from the Federal Meat Inspection Service 
for veterinarians to in conducting 
and evaluating detailed necropsies of ani- 
mals with neoplastic disease at the Denver 
abattoirs. 

In 1953 and 1954, all bovine, ovine, and 
porcine tumors diagnosed in the routine 
inspection of slaughtered animals were 
collected and, when possible, detailed nee- 
ropsies were continued, Many bacterial 
and parasitic granulomas and a variety of 
other were submitted because it 
was thought, on gross examination, that 
they might be neoplastic. As an example 
of such diagnostic problems, degenerated 
tapeworm cysts In the bovine heart must 
be differentiated from some types of car- 
diac Schwann’s cell tumors. The monthly 
Variation in the numbers of tumors col 
lected during the calendar years of 1953 
and 1954 is shown (table 4) and illustrates 
why such surveys should extend over com- 
plete calendar years. It is explained later 
in this article, and in a subsequent ar- 
ticle,”’ why the collection of bovine ocular 
neoplasms was limited to a sampling in 
selected abattoirs only during the calendar 
year of 1953, 

Breed, age, sex, physical condition, mar- 
ket value, productivity, and actual num- 
bers of animals slaughtered, obviously 
would be important factors in the seasonal 
appearance of neoplasms in abattoirs. Sea- 
sonal variations in the type of cattle sub- 
mitted for slaughter are perhaps slightly 
more exaggerated in Denver than in most 
livestock marketing centers. This is due, 
in part, to the many beef breeding herds 
maintained in the surrounding country 
and the location, or at least seasonal graz- 
ing, of at least one third of these in the 
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mouutains or high, inaccessible valleys. 
Since approximately 52 per cent of the 
cattle slaughtered in the survey were 
Herefords,*? the majority of the bovine tu- 
mors was found in that 

The actual number of animals slaugh- 
tered during the survey (table 5) could 
not be used to explain the increased oecur- 
rence of the tumors in sheep in the sum- 
mer of 1954 (table 4 Severe culling of 
mature breeding animals in regional 
drought areas could have major 
factor responsible for this increase as it 
resulted in the slaughter of many more 
animals in the ‘‘cancer age.”’ 

The 1,002 tumors collected in our two 
year survey are classified for cattle (table 
1), sheep (table 2), and swine (table 3). 
In the classifications in the tables, the 


breed 


been a 


groups were made as simple as possible so 


that the types encountered would be more 
easily comprehended. The groups listed 
will be individually for each 
species. 

The variety of tumors encountered in 
the survey makes possible only brief gen 
eral observations on each group. No pho- 
tomicrographs but some gross pictures are 
included. Remarks in the section on bo- 
vine Schwann’s cell tumors and bovine 
lung and uterine carcinomas represent a 
supplement of further pertinent observa- 
tions to two recent publications.“ Ob- 
servations on bovine ocular squamous cell 
tumors will be reported separately *? and 
will be mentioned only in the general dis- 
cussion and evaluation of this survey. The 
collection of these ocular tumors was lim 
ited by necessity to a study of a large rep- 
resentative group over a 12-month interval 
because of their frequent occurrence. 


discussed 


Bovine Tumors 
The 722 


mous cell tumors represented eye tumors found in 


Ocular Squamous Cell Tumors squa 
532 eattle in three of the larger Denver abattoirs 
during 1953, whereas reported necropsy diagnoses 
of epithelioma of the eye were made in 3,079 eat 
tle in all of the Denver abattoirs in 1953.7 Of the 
532 eattle, 52 had lesions in both eyes. 

A diagnosis of squamous cell carcinoma of the 
eye was made in 471 of the 722 tumors, and the 
remainder was regarded as early squamous cell 
carcinomas, epidermal plaques, or epidermal vapil 
lomas. Of the 471 


had metastasized. 


squamous cell eareinomas, 22 
Uterus 


adenocarcinoma of the bo 


Adenocarcinoma of the Our reeent re 


port “on 26 cases of 


736,632 
49,409 
548,417 
406.824 
a 
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vine uterus included the 15 uterine carcinomas 
found in this survey. Lymph node 
were found in all 13 eases; 12 also had recogniz 
able lung metastases and 8 had peritoneal metas 
tases. Of the 13 were Herefords; the 
breed was not recorded for the other 6. 

Tissues from additional 
mas of the uterus with metastases have been ex 
amined sinee the completion of the survey. How 
great a factor sterility may have been in influ 
eneing owners to send eattle affected with adeno 
earcinoma of the uterus to the market is not 
known but there are references ”™ to sterility being 
the reason for slaughter of affected animals. One 
animal with a metastatic uterine carcinoma died 
40 days after a dystocia had been reported.” A 
recent specimen of the entire bovine genital tract 
submitted from Sioux City, Iowa, is our only ex 
ample of a fetus in one cornu with a typical 
adenocarcinoma in the midportion of the opposite 
horn, The cow was 10 years old and in poor con 
dition but the 2- to 3-month fetus appeared nor 
mal, There were numerous metastases to the lungs 
and bronchial, sublumbar, and internal iliae lymph 


metastases 


cows, 7 


several adenoearcino 


nodes, 

Metastatic (Probable 
Origin).——These 13 carcinomas were included in a 
report™ of 62 cases of probable uterine carcinoma. 
Lymph node and lung metastases were found in 
all 13; 4 also had peritoneal metastases. The 13 
included 9 Herefords, 1 Holstein- Friesian, 
and the breed was not recorded for the other 3, 

Carcinoma of the Lung.-Three carcinomas of 
the lung were previously reported.” Two had been 
diagnosed as undifferentiated cell carcinomas and 
one as a mixed cell carcinoma, Two had bronchial, 
mediastinal, and cervical lymph node metastases 
had bronchial and mediastinal lymph 
node metastases. The breed of 2 was not reeorded 
but 1 was a Hereford. 

Single cases of a mixed eell carcinoma and an 
adenoma of the lung have been found sinee the 


Adenocarcinoma Uterine 


cows 


and one 


survey. The carcinoma was in a 3-year-old cow 
and had a multiple focal distribution to the lungs 
and mediastinal, and cervical lymph 
node metastases, The adenoma of the lung is of 
particular interest because it was found in an old 
cow in poor physical condition, whereas the three 
previously eases ™ had been in young 
animals in good eondition. The lungs from the 
cow did not noticeably collapse at slaughter; they 
contained multiple, and often confluent, masses of 
a yellow, fibrous, partially ealeified, neoplastic tis 
sue which replaced much of the lung parenchyma. 
Multiple sections of this tumor were identical in 
microseopie appearance to the other adenomas ex 
cept for large areas of necrosis, caleifieation, and 
other degenerative changes believed related to 
aging. An especially detailed examination of the 
bronchial and mediastinal lymph nodes was made 
at the but no evidenee of early metas 


tases was found. 


bronchial, 


reported 


necropsy 


of the Intestine.—-Adenoearci 


gastrointestinal 


Adenocarcinoma 


nomas of the hovine 
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rare; only one with a definite primary site was 
found. When they occur, a small primary site, 
such as was encountered in our single case (fig. 
1), may be overlooked. In microscopic examina 
tion of this primary growth, we were impressed 
by the anaplasia of the neoplastic cells, their in- 
vasiveness, and the many lymphatics which were 
plugged with tumor cells. In both the intestinal 
and the metastatic lymph node lesions, the neo 
plastie sometimes formed small glandular 
lumina or distinct acini with a low columnar epi 
thelium. However, more often, the tumor was rep 
resented by closely packed clumps or strands of 
polyhedral to spindle-shaped cells. The cellular 
masses had some resemblance to the argentaffin 
carcinomas of the intestine deseribed in man but 
no silver-stainable granules could be demonstrated 
in them. Variations in size of nuclei and many 
mitotic figures were additional indications of the 
malignancy of the tumor. 

Among the three metastatic adenocarcinomas 
collected in this survey, whose primary site was 
not apparent and which were obviously not metas- 
tatie uterine carcinomas, two were thought to 
represent metastases of a primary adenocarcinoma 
of the intestinal traet. No primary site eould be 
identified so this conclusion was based on the ap- 
pearance and location of the metastutie lesions. 
It is noteworthy that there two cases, and the one 
discussed above, were all quite different in micro 
scopic appearance, 

One of these metastatic adenocarcinomas was 
found in a 7-year-old with lesions in the 
liver, mediastinal and renal lymph nodes, and on 
gallbladder, spleen, rumen, 
omentum, peritoneum, broad ligament, and mes 
enteries, Histologically, the epithelium of the neo 
plastic glandular struetures was a columnar type 
and many of these epithelial had 
placed nuelei, Occasional spherical mucous cells, 


cells 


cow, 


the serosa of the 


cells basally 
which resembled goblet cells of the intestine. were 
present, The location and appearance of the me 
tastases were compatible with a primary intestinal 
carcinoma, 

The other probable metastatic intestinal earei 
noma was found in an old Hereford cow. 
seen at necropsy were a large pelvie growth (32 x 
30x18 em.) which was adhered to the broad liga 
ment and of the and 
implants (up to 5 em.) seattered on the abdomi- 


Lesions 


horns uterus many tumor 
nal serosa. Histologically, these were masses of a 
very anaplastic epithelial The neoplastic 
formed giandular structures and 
were also identifiable as spherical, mucus-contain 
ing cells with their located at side 


(signet ring cells). 


tumor. 


cells occasional 


nuclei one 


Illustrated Case 


Adenocarcinoma of the intes- 


Figure 1. 
tine with lymph node metastases in a 9- 
year-old cow is shown (case D 2855). 


Necropsy.—The primary tumor (2x 2x 
lem.) was found in the jejunum and had 


- 

= 
| 

i 

age 
9 

ds 

= 


Moniux 
an uleerating, partially necrotic and hem- 
orrhagic surface. On section, this growth 
was represented by an irregular, infiltrat- 
ing, predominantly white to grey 
which extended to, but not through, the 
serosa. Metastases were soft, 
grey, not visibly encapsulated lesions in 


ass 


found as 


the portal and some of the mesenteric and 
mediastinal lymph nodes and one internal 
iliac lymph node, 

Ovarian Tumors.-The group of seven epitheiimal 
ovarian tumors consisted of six granulosa cell tu 
which 
eystadenocearcinoma in a 


mors in metastases were not seen and one 


l0-year-old cow, with 
metastases on the peritoneum and in the internal 
iliac, renal, sublumbar, mesenteric, mediastinal, 
and posterior cervieal lymph nodes. 

Granulosa cell frequently 
The ages of the 6 in this survey 


tumors appear in 


younger cows, 
were: 2 years, 2; 3 years, 2; 7 years, 1; 
wis deseribed as an old cow (in our entire sta 
tion collection of 25 bovine granulosa cell tumors, 
over half were found in animals under 4 years of 
age). The six were uni 


lateral except in the old cow (a small tumor, only 


granulosa cell tumors 
5 mm. in diameter, was present in a relatively in 
tact ovary; the opposite ovary was replaced by a 
massive tumor with sox ISN 15 
em.). Of the 6 animals affeeted, 4 were Herefords, 
1 an Aberdeen Angus, and the breed of 1 
not recorded. Moderate endometrial hyperplasia 
but no eystie change was seen histologically in the 
Aberdeen Angus 


dimensions of 


Wits 


uterus of the 7-year-old cow, 
while the mucosa of the other 
considered to be essentially normal. 
In 4 of the 6 animals with granulosa cell tu 
mors of the ovary, the regional lymph nodes (Cin 
ternal iliane and sublumbar) were greatly enlarged, 
hyperplastic, and of a rather uniform deep red 
color. On histological examination of these nodes, 
there were masses of an iron-staining pigment in 


uterine cows 
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phagoeytes in the medullary and ecortieal sinuses 
and, in 2 animals, a variable seeondary inflamma 
reaction, ineluding formation of giant cells. 
lymph lesions differentiated 


metastases by histological examination. In 


tory 
Such 
from 


node must he 
mentioned the 
other 


ovarian 


our paper on uterine tumors,” we 


absence of associated granulosa eell or 


ovarian tumors, also the similarities of 


Fig. 1 — Adenocarcinoma 
of the jejunum in a 9- 
year-old cow. The tume- 
fied ulceration of the mu- 
cosa shown in the center 
of the figure extended al- 
most through the wall of 
the intestine (case D 
2855). 


ane uterine tumors in respect to routes of metas 


tosis the peritoneum or by the lymphaties. 


In the present survey, one of the tumors listed 


as metastatic adenoearcinoma was considered 


eystadenoearcinoma of 


Unfortu 


most apt to be a primary 
either the fallopian 


nately, the genital traet had 


ovary or tubes, 


been disearded and 


the only lesions seen at necropsy were multiple 


peritoneal implants. 


Illustrated Cases 

Figures 2 and 3.—A granulosa cell tu- 
mor of the ovary of a 3-year-old Hereford 
(case D 7203). 

Necropsy. An oval, solid, eneapsulated, 
smooth surfaced growth (16x 15x 18 em. 
13 oz. replaced the right 
Large veins were visible on 


is shown 


weighing 2 Ib. 
ovary (fig. 2). 


the surface of the tumor and, on section, 


many vascular spaces were interspersed in 


the neoplastic tissue. Small cystic spaces 
filled with a pale yellow fluid and yellow 
necrotic areas were also scattered among 
the lobulated, solid, greyish, tumor masses 
which made up the bulk of the growth 
(fig. 3). No remnant of the right ovary 
was found and the fallopian tube could be 
traced to a point where its proximal end 
was adhered to the capsule of the tumor. 
The left ovary appeared normal and there 
was no visible thickening or eystie change 
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A SURVEY 


endometrium of the uterus. No 
metastases found. 

Kidney Of our 
of the kidney, two were embryonal nephromas and 
Although 
tumors and 


in the 
were 
Tumors, four epithelial tumors 


two were adenocarcinomas, embrvonal 


nephromas are setually embryonic 
undifferentiated 
discussed with the epithelial tumors 
their 


them 


contain mesenchymal elements, 
they will be 
because of 


minke 


tumors, 


in our simplified classifieation 


neoplastic epithelial structures which 
related to the other kidney 
(fig. 4) was not 


but 


closely 
One adenocarcinoma only bi 
lateral with 


was malignant in 


multiple lesions in each 


liver and 


appearance and had 


lung metastases. The cow was old and of mixed 


No age or breed was reeorded for the see 


This 


breed, 


ond tumor was mussive (17x 14s 


Fig. 2 and 3—An encap- 
sulated granulosa cell tu- 
mor of the ovary in a 3- 
year-old Hereford cow; at 
the right before (fig. 2) 
and after (fig. 3) being 
bisected. The adhered 
fallopian tube and por- 
tions of the uterine cor- 
nua are included on the 
left (case D 2703). 


or 


12 em. and thinly enenpeulated, and bad om 


placed several lobes of one kidney at its anterio 


extremity, No metastases were found although th: 


regional lymph nodes were hyperplastic 


One of the 
2-vear-old Hereford steer 


embryonal nephromas was found in 
and the other 
recorded 


(tig. 5 
in an old eow whose breed was not 
Girossly and microscopically, both resembled the 


similar and much more common tumor found in 
had histological 
related to aging 
iarge epithelial 


of squamous epithelial 


swine, The tumor in the old eow 


features whieh may have been 


and metaplasia; namely, many 


lined evstie 


cells which often had eentral epithelial pearls, and 


cartilage interspersed throughout the 


Metastases were not observed in either of 


masses of 


tumor 


the 2 animals, but recently 2-venr-old eow an 


\ 
Sey 
ag 


652 MonLuX 


embryonal examined which was 
composed predominantly of undifferentiated 
enchymal cells and had lung, bronehial, and renal 
lymph node metastases, Feldman 
embryonal nephroma, with lung and lymph node 
among the 250 eattle tumors dis 
cussed and this same case was later reported by 


Davis of al, 


nephroma was 
mes 


mentioned one 


metastases, 


illustrated Cases 


Figure 4.—Adenocarcinoma of the kid- 
ney with liver and lung metastases in an 
old cow of mixed breed is shown (case 
1D 3110). 


Necropsy._-Both kidneys were tumefied 


and the distribution of neoplastic masses 
in each was similar; the cortex and me- 
dulla contained firm, grey to yellow, pre- 
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dominantly oval, thinly encapsulated or 
nonencapsulated growths varying from 2 
to 8 cm. in diameter. The largest tumor in 
each kidney (8 and 7 em., respectively, in 
their greatest diameter) was found ap- 
proximately in the same location in each 
kidney, replacing much of the regional 
cortex and medulla and protruding into 
the hilus. In each of these larger growths, 
there were large hemorrhagic and necrotic 
central masses which were either very 
small or absent in the other kidney lesions 
(fig. 4, kidney incised to show several tu- 
mor masses and the one & cm. in its great- 
est diameter). Some of the tumors in each 
kidney had penetrated through the cap- 
sules and one had invaded the aorta and 


Fig. 4— Cut surface of 
an adenocarcinoma of the 
kidney in an old cow. 
The smaller tumors at the 
upper left and lower right 
may have been initiated 
by intrarenal metastases 
from the large (8 cm.) 
growth (arrows) (case 
D 3110). 


Fig. 5—Cut surface of an 
embryonal nephroma of 
the kidney in a 2-year-old 
Hereford steer. Intact 
lobes of the kidney are 
seen at the upper right 
(case D 2341). 
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formed nodular masses on its intima. The 
regional lymph nodes were enlarged, swol- 
len, and hyperplastic and one renal lymph 
node contained a small necrotic center 
Tumor metastases were not found in any 
of the lymph nodes. A large, encapsulated 
mass of neoplastic tissue (10 em. in diam- 
eter), which was similar to those seen in 
the kidney, was present in the dorsal lobe 
of the liver. Tumor nodules (5-20 mm., 
dia.) were also found directly beneath the 
pleura in seattered locations in both lungs. 

Figure 5.—Embryonal nephroma of the 
kidney in a 2-year-old Hereford steer is 
shown (case D 2341). 

Necropsy.—An_ irregularly lobulated, 
encapsulated tumor (20x 11x11 ex- 
tended over and compressed about two 
thirds of the free surface of one kidney. 
On section, the tumor was firm, grey, and 
contained many small cysts. Many softer 
and pinkish lobules of tissue in the growth 
were believed to represent neoplastic tis- 
sue undergoing necrosis. Fibrous trabecu- 
lae almost completely divided the tumor 
into six separate lobules, and within each 
of these lobules, there were many small 
nonencapsulated lobular masses. 

Gallbladder Tumors, —The ten epithelial gall 
bladder tumors in this survey were an interesting 


group and a report is being prepared for publica 
tion. Of the ten tumors, nine were diagnosed as 


“ papillary eystadenomas and one as a_ papillary 
adenocarcinoma. They were found predominant) 
in young animals. Their ages were: 2 years, 2; 
3 years, 3; 4, 5, and 6 years, 1 each; and 2 were 
old Hereford bulls. It is noteworthy that 2 were 
bulls, 6 were steers, and only 2 were cows, Of the 
10 affected eattle, 7 were Herefords and the breed 
was not recorded for the others. Of the nine 
other cases diagnosed at this laboratory, six wer 
in eattle under 3 years of age and 5 of the 
were steers. 

The younger affected animals were in good or 
exeellent condition at the time of slaughter. The 
tumors were remarkably similar in gross and mi 
croscopie appearance and were detected at nee 
ropsy by palpation of the distended gallbladder. 
The tumors were represented by a solitary growth 
except in a 2-year-old heifer which had two inde 
pendent tumors in the fundie portion of the 
organ. 

In only 2 of the 10 animals were the tumors at 
tached to the fundie end of the gallbladder. The 
basal area of attachments varied from 1 to 4 em. 
in their greatest diameter and were always repre 
sented by a red, rugose, epithelial-covered mass. 
From these basal areas, papillary folds and fronds 
extended for distances varying from 2 to 7 em., 
often into the neck of the gallbladder. A simple 
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columnar epithelium eovered the papillary projec 
tions and was continuous with underlying tubules 
and glands of the tumor and the adjacent gall 
bladder mucosa, Numerous evstie glands and tu 
bules were always present in the growths, 

Our single case of adenocarcinoma, in a 6-year 
old Hereford cow, was one of those in whieh the 
point of origin was not in the fundie end; it was 
located midway between the neck and fundie end, 
The growth had invaded the wall of the gall 
bladder into the adjacent liver. The portal lymph 
node was also tumefied; no other metastases were 
found. 

In a 4-year-old steer, small black caleuli were 
found in the fundie end and represented the only 
gallstones recovered from our ten cases, The tu 
mor in this gallbladder was present about equal 
distanee between the neck and the fundie end. 

Liver Tumors,—Of the eight primary epithelial 
tumors of the liver, seven were liver cell eure. 
nomas (malignant hepatoma, hepatocellular exrei 
noma) and one was a bile duet carcinoma (malig 
nant cholangioma, cholangioeellular carcinoma ) 
Metastases or an associated hepatic cirrhosis were 
not observed in any of these animals. Although 
we have specimens of mixed bile duet and liver 
cell tumors (hepatobiliary earcinomas) and both 
kinds of adenomas in our files, these types of tu 
mors were not found in this survey. In studying 
epithelial liver tumors, the classification recently 
advocated by Edmondson and Steiner in their 
study of human tumors was followed, All of our 


eight liver cell earcinomas would be grouped in 
their adult or mature cell type (grade Il) of a 
liver cell carcinoma with a trabecular strueture 
Recognition of a trabecular pattern in at least a 
portion of each growth is important in diagnosing 
liver cell tumors beeause the trabecular growth 
represents an attempt by the neoplasm to repro 
duee the structure of the normal liver, 

The bile duct carcinoma was a solitary, mussive, 
greyish tumor (25 em., dia.) in the dorsal lobe of 
the liver of an old cow. Only portions of the 
growth differentiated microscopically from solid 
epithelial masses into either small or large aeinar 
structures, 

The liver cell tumors often had different colors, 
sometimes even when present as multiple growths 
in the same liver, The concept of Edmondson and 
Steiner, that (1) the more mature liver eell types 
have a light brown appearance; (2) the more im 
mature ones are grey white; (3) bile formation or 
biliary obstruction results in varying shades of 
vellow and green; and (4) necrosis and hemor 
rhage is represented by dull brown to red-purple 
colors, seemed reasonably securate in evaluating 
the gross and microscopic appearance of our eol 
lection of hepatic tumors. Lesions from 3 of the 
animals were varying shades of green, 1 had a 
solitary yellow lesion, 1 a single grey lesion, and 
the remainder had lesions of mixed orange, yel 
low, red, and purplish black. 

Four of the liver cell carcinomas were repre 
sented by solitary lesions ond all of these were at 
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greatest diameter. The mul 
smaller but 


ré 


least 20 em, in thei 
tiple 
did produce a great enlargement of th 

One old Hereford eow that Tad 


very fibrous, nodular, raised lesions in contrast to 


tumors in the remainder were 


livers multiple, 
the softer and more parenchymatous tissue of the 


other liver cell tumors was so thin and eacheetic 
that she was killed subject to the findings of the 
All of the 7 cattle afflieted 
females; their ages were 


Four of the 7 


HeCTOpRy. with liver 


carcinoma were old, 
‘; 7 
Herefords sand the 


veurs, 2; and 6 yours, 


were 

breed was not recorded for the 

remainder, 
ltastatic 


Origin), the 


(Not of Uterine 


adenoearemeo 


Ade nocarcinomas 


three metastatic 


mas, two were considered to have their primary 


site in the gastrointestinal traet and the third in 
the ovary or fallopian tube. They are discussed in 


the sections on adenocarcinoma of the intestine 
and ovarian tumors, 
tdrenal Cortical 


eal tumors represented one of the most frequently 


Tumors. -The epithelial corti 


diagnosed primary type of neoplasm of an indi 


vidual bovine organ, All of the 25 tumors were 


similar in microscopic appearance, 
| Some eall the 


adrenal cortex an epithelial strueture although the 


remarkably 
histologists are hesitant to 
appearance of individual cells may justify sueh a 

Karsner defended the classification 
adrenal 


designation, 


of human cortical tumors as adenomas 
cinomas, even though acinar structures are 
stated that they origin in 


a true gland, His eriteria for 


absent, when he have 
the epithelium of 
were in 


Karsner 


separating adenomas from 


vosiveness and evidence of metastases 
believed that, in man, adrenal tumors occur more 
frequently in the female and that the majority of 
phenomena 


the eases represented by hormonal 


were related to an adenoma producing excessive 
hormones during childhood and adolescence, 
he 2h adrenal cortical tumors in 186 neoplasms 
slightly than the 


of Davis ef al? of 13 in SL bovine tumors 


smatler percentage report 
(bovine 
oeular tumors are excluded in this consideration in 
However, 15 of the 5 


survey 


enel survey), tumors 
were 
found to be This is 


almost identien! to the percentage reeordet in the 


examined in the second year of out 


of the cortien! adrenal type 


Davis study in some of the same Denver abattoirs. 
13 adrenal cortienl tumors 
although 
metastatic, No metastases 


Feldman” regarded of 
in the 
none of the causes was 


could be established in the 23 cases in this survey 


Davis colleetion 


but we do have two adrenal carcinomas with ling 
metastases among 55 other adrenal cortical tumors 


in our files. Feldman reported metastases in 


three of 12 adrenal carcinomas in his series, but 


did not mention how selective he was in making 


hix collection or how many adrenal adenomas he 


observed, 

In atempting to establish a basis for a diagnosis 
of adrenal cortical earcinoma in eattle, we econ 
eluded that the factors of invasiveness and netual 


size were most important in the absence of actual 
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metustuses, Otherwise, except for \ iriable deposi 


tions of fibrous connective tissue and ealeium and 
eus undergoing necrotic and eystic changes, the 


tumors were remarkably similar appearance, 


Our views on these tumors are in agreement with 


Willis 
benign and malignant growths is possible; 


when he states ‘‘no sharp separation of 


whether 
a large cireumseribed but growing tumour shall be 
regarded as an unusually active * ade noma’ or as 


a ‘eareinoma’ which has not yet displayed inva 


siveness or metastasis, is @ mutter of personal 
preference,”’ 


When the 


summarized in out 


cortical tumors 
thes 


em, in their 


actual sizes of the 


were survey, were econ 


sistently large; only four were undes 


greatest diameter, nine were o to 10 em,., nine were 


lt to ZO em., and one in an old cow was 25 em, 


The second factor of invasiveness was more diffi 


cult to evaluate. All of the cortical tumors, except 


a few of the smaller growths, had a thick, fibrous 


capsule, As our study of these tumors progressed, 


it was recognized that if the tumor in its growth 


contacted rather firm, adjacent tissue notably 


liver, Kidney, or sorta) the eapsule covermeg the 


contact surface of the often woes 


thin, In the 
formed on their involved 


neoplasm vers 


liver and kidney, fibrous adhesions 


peritonen surfaces with 


little recognizable parenchymatous changes within 


the organs. Similar adhesions were seen 2 


animals where tumors had expanded to contaet the 
found adhered 


Small, lobu 


norta, and five other tumors were 
to and penetrating through the aorta 
lar, thinly encapsulated neoplastic masses eharne 
teristically protruded into the lumen of the aorta 
(fig, 7 

show amy 


Sections of these five tumors did not 


convineing evidence of invasiveness of 
individual or small groups of neoplastic cells. We 
have concluded that pressure produces an atrophy 
of the 
capsulated outpouching of the tumor extends into 


The 
in their greatest dinmeter 


nortic wall and eventually a thinly en 


the lumen of the aorta five tumors were 
19, 18, 17, 16, and 10 em 
would be ineluded largest 


tumors as 


and among our ten 


tumors, would be justifiention for 


regarding the ten potential trouble 


mokers and grossly as malignant tumors: 

The penetration into the aorta rather than tute 
the vena cava is of particular interest: as it ts the 
commonly invaded by 
different 


reference to the ex 


venn enva which is most 


tumors in man, Obviously, anatomical 
oceur in 
entth Or the 


medullary tumors, two were found penetrating the 


relationships must 


panding tumor ovine adrenal 


venn enva and one penetrating the aerta One 


In vine pheochromoeytoma had penetrated into the 

Of the 23 animals with cortical tumors, IS were 
were 


at least 6 vears old: 11 of them listed only 
ns old animals. The age of the other 5 was: 3 


years, 2; years, 1; 5 years, 1; and not listed, 1. 
‘ven were Herefords, 1 was of mixed breeding, and 
the breed was not listed for 12. 


and 21 were females. A bilateral involvement 


Two were steers 
wie 
found was 


seen in 1 old cow. The smallest tumor 
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Was an incidental 


and 
which also 


only 2 mm. in diameter 


animal large 


tumor of the 


finding in an 
cell 


nodules 


Schwann ganglion 


Cortical Were seen in several animals in 


cluding 
They 


tiue tumors and will not be discussed in this paper. 


a few with nodules in the perindrenal fat 


were considered as hamartias rather than 


No evidence of endocrine imbalance was de 


tected in any of these animals, or in 
file. Our 
to adrenal tumors in ealves, 


might be drawn to the 


Cases 


in our attention has never been direeted 
Ilowever, if age is a 
factor, a corollary tumors 


in man, and one should be aware of possible ex 


cessive hormonal stimulation, if sueh a tumor is 


encountered 
Illustrated Cases 


Figure 6.--Adrenal cortical adenoma in 
a 6-year-old cow is shown (ease D 2923 

Necropsy irregularly oval, eneap 
sulated growth (9x 8x 6em.) was attached 


Fig. 6—Cut surface of an 
adrenal cortical adenoma 
in a 6year-old cow. An 
incised remnant of ad- 
renal (left side of pic- 
ture) is seen merging 
into the main tumor (case 
D 2923). 


Fig. 7—Adrenal cortical 
carcinoma in an old cow. 
The tumor and remnants 
of an adrenal have been 
divided into two longitu- 
dinal sections with an in- 
cised surface of each at 
the left side of the pic- 
ture. The remnant of ad- 
renal is at the upper bor- 
der of each section. 
Pedunculated tumor mass 
(arrows) is penetrating 
through the wall of the 
aorta (this is a border of 
the tumor which was ad- 
hered to the aorta, case 
D 2688). 


or Tumors 


to and had replaced a portion of one 
adrenal. On section, the tumor was divided 
into many defined, firm, lob 


ules of tissues which contained many tins 


poorly grey 


larger masses of caleium 


grains and a few 
Recognizable were not found in the 


vrowth. 

Figure 7 An 
noma in an old 
1) 


Vecropsy 


cortical caret 


shown 


adrenal 
cow Is (case 
An oval encapsulated tumor 
1x 7x4dem from one border of 
a partially intact adrenal gland. The tu 
mor was adhered to the wall of the posterior 
A thinky encapsulated rounded pro 
lia.) 
pros 


arose 


vorta. 
jection from the tumor (about 1 em., 
protruded through the wall of the 
terior aorta, The adjacent portions of the 


aorta near the point of penetration were 


on 
. 

A 
x 
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thin and atrophie. On section of the tu- 
mor, it was divided into irregular yellow 
and orange lobules of tissue. Some of the 
lobules were firm, others were cystic, and 
most contained finely granular deposits of 
calcium. Areas of hemorrhage were found 
throughout the tumor. No metastases were 
found. 

Squamous Cell Carcinomas of the Skin. 
squamous cell skin, with the 
exception of those of the orbital region, are in 
frequently seen in cattle, we have purposely used 
illustrations from 2 animals to aequaint veteri 
narians with their appearance. They should be 
differentiated from chronic uleers and granulomas 
before any type of treatment is instituted. 


Since 


carcinomas of the 
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with Jung and kidney metastases in a year-old 
Holstein cow. 
Unfortunately we 
smaller squamous cell tumors of the skin 
had not yet developed invasive characteristies o1 
Such would amendable 


collect 
which 


were not able to 


metastases. probably be 


to treatment; however, it would not seem economi 
cally feasible to treat animals similar to the 


found unless they represented valuable breeding 
stock, The necropsy 
S-11) indicated their large size (20 and 17 em. in 
their greatest surface diameter The third, found 
in an old Hereford cow, was similar in appearance 
and replaced an area 16 by 6 em. It was near the 
right lateral border of the vulva with the tumor 
extending to the labium but not onto the vulvar 


There 


reports on two tumors (fig 


mucous membrane, was loenlized invasion 


of subcutaneous tissues and muscle but no meta 


Fincher recently reported the clinical observa 
vlases, 


tions made over 4 16-month period on a squamous 
listed 


cell carcinoma of the skin of the maxillary region metastatic squamous cell carcinoma 


Fig. 8 and 9—Squamous cell carcinoma of 
the skin of the gluteal region with ischiatic 
lymph node metastases in a 7-year-old Here- 
ford cow showing the surface (fig. 8) and 
an incised segment (fig. 9). Two incised 
sections of the tumefied ischiatic lymph node 
are seen (lower border, fig. 9) and arrows 
indicate an oval, demarcated area almost 
completely replaced by the tumor (case 
D 3151). 
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(table 1) as having origin in a primary site other 
than the eye probably skin of the 
lower jaw of a 5 year-old Hereford cow. Unfor 
tunately the disearded before a 
detailed collection of tissues 
from it 


arose in the 


jaw lesion was 
examination 
could be made. Metastatie lesions in the 
posterior preseapular 


were typical of a squamous cell carcinoma. 


and a 


cervical and lymph nodes 


Illustrated Cases 

Figures 8 and 9.—Squamous cell carei- 
noma of the skin with ischiatic lymph node 
metastases in a 7-year-old Hereford cow is 
shown (case D 3151). 

Necropsy._-A_ raised, uleerating, firm, 
cauliflower growth replaced the skin of the 
gluteal region on one side in an area 
(20x 17¢m.). Several horny projections 
(up to 2 em. long) were arising from with- 
in the growth and the adjacent skin several 
centimeters from the border of the tumor. 
A linear sear, suggesting a remnant of a 
brand, was also seen merging into one bor- 
der of the growth. The tumor was approxi- 
mately 2 em. thick, grey to yellow, and, on 
cross section, rather papillary in its pat- 
tern of growth. Neoplastic masses were in- 
filtrating some of the underlying muscular 
tissues as linear projections which sepa 
rated muscle fibers. The corresponding 
ischiatic lymph node was greatly enlarged 
(7x5x5em.) and almost completely re 
placed by yellowish, often granular or 
fibrous tumor masses, The tumor was also 


Fig. 10 and 11 — Squa- 
mous cell carcinoma of 
the skin of the hip in a 
3-year-old Holstein - Frie- 
sian cow showing the sur- 
face of the primary tu- 
mor (fig. 10) and an in- 
cised segment with adja- 
cent skin (fig. 11, case 
D 2267). 
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seen infiltrating muscle adjacent to the 
lymph node in some of the area where it 
had penetrated the capsule of the node 
The sublumbar lymph nodes were enlarged 
due to hyperplasia of the parenchyma of 
the nodes but did not contain recognizable 
metastases. 

Figures 10 and 11.—A squamous cell ear 
cinoma of the skin with ischiatic lymph 
node and lung metastases in a 3-year-old 
Holstein-Friesian cow is shown 
1) 2267 

Necropsy-—A_ raised, cauliflower ulcer 
ating growth (17 x 16 x 3% em.) with a 
mushy, necrotic surface was present in the 
skin of the right hip. (Many maggots were 
present on its surface.) On cross section 
of the tumefied skin, a yellow, granular, 
papillary mass had replaced the normal 
epithelial surface and was invading the 
adjacent subcutaneous tissue and muscle 
A firm, white mass (2 em., dia.) was found 
in the incised right ischiatic lymph node 
and a similar mass (5 mm., dia.) was 
present in one of the diaphragmatic lobes 
of the lung. 


Squamous Cell Carcinoma of Vulva 


(case 


hur sin 


gle example of a vulvar carcinoma was an ulcer 
ating, necrotic, and maggot infested growth cover 
ing an area (20 x 13 em.) in the dorsal and two 
lateral mucosal surfaces of the vulva of an S-year 
old Hereford cow. The involved 
approximately to the 


was sharply demareated 


aren extended 
and 


vagina 


vulvovaginal junetion 


from the 


‘ 

‘ 4 
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mijaweent vulva by several firm, nodular, greyish 


growths (each about 2 em., dia. Vosteriorly, the 


tumor extended onto the skin of the perineum as 


small nodular masses The reetal, saeral, and 


ischiatic lymph nodes were enlarged due to lymph 
ol hyperplasia but contained no detectable tumor 
metastases 


Viultiple 


lesions in 


The 
might 


Viral 
Hereford 


infectious 


Papitlomas of 
this 


Cavity 
2 year-old steer 


represent on oral form of papilloma 


tovix, llowever, there were no associated eutaneous 


lesions, Raised, greyish, cauliflower, or papillary 
growths (11 x 6 em, and 2 x 2 em.) 
borders of the 


body of the tongue and one (7 x 4 em.) on and 


were present 


on the vertral and on the Jateral 


around the left lower incisors, 


NONEPITHELIAL TUMOKS 


Tumors, Since much has been writ 


/ 


ten and many observations made on lymphoid 


tumors in cattle, ineluding an excellent chapter by 


Feldman,” we have not illustrated the many types 


of lesions which make these tumors speetacular 


and economically important, 
We have adopted the designation ‘‘lymphoma’’ 
for the 


(malignant lymphoma) for 


benign tumor and ‘lymphosarcoma 


its malignant counter 
part, Sub-group terms, such as ‘‘follieular lym 
lymphoeytoma,’’ 


phoma, ‘*lymphoblastoma,’’ 


** reticulum cell sarcomas,’’ have value in 


indienting the 
vidual cases of bovine lymphoid tumors, 


indi 
However, 


deseribing or prognosis of 
no distinet follicular lymphomas or reticulum cell 
group; the 
Variations in histological appearance could better 


sarcomas were found in our survey 
be appraised in the future by the study of a larget 
group, 

The 20 lymphoid tumors were all diagnosed as 
Some of the 


affected animal were malignant in their gross and 


lesions in each 
appearance and lesions were found in 
different 
Smatler lymphoid tumors which probably 


at lewst two anatomic sites in each 


animal, 
would include those whose appearance might still 
suggest i stage of growth 
were not could 


benign (lymphoma ) 


seen but easily have been over 
looked in routine ment inspection or confused with 
regional lymphadenitis, Actually, there is no rea 
son to expeet more than an infrequent oceurrence 
of benign Ivmphoid tumors if it ean be 
that lymphoid enlarge rapidly and 
produce a fatal termination in a few weeks after 
Feldman “ reported 


two of 61 cases of bovine lymphoid tumors to be 


accepted 
most tumors 
they are recognized clinically. 
benign or in the lymphoma elass, while 59 were 
malignant, 


A reasonably eareful clinical examination should 
have established a diagnosis of possible lymphoid 
tumor prior to slaughter in all of the 20 affeeted 


animals in our survey, In 2 animals, lesions were 
limited to massive tumefaction of the sublumbar, 
renal, and internal iliae lymph nodes with exten 
sion into adjacent sublumbar tissues. Sueh in- 
volvement should not be difficult to detect in the 
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however, similar lesions were ob 


12 of the other 
additional lymphoid growths which, as 


living animal; 


served in at least animals afflieted 
with other 
noted later, would be even more simple to diagnose 
clinically. In 2 of 
infiltrated 
in the region of the last lumbar and the first sacral 
a noticeable difficulty in the 
legs. Multiple 
lesions were ‘also observed in 6 animals with sub 
The 


the living animal, could easily be confused 


these animals, the sublumbar 


growths had into the vertebral canal 


vertebrae resulting in 


coordination of the hind uterine 
lymphosarcomas, in 


with 


lumbar lesions. uterine 


smooth muscle tumors, uterine earcinomas, or vari 


ous granulomas. This extensive regional distribu 


tion of some of the lymphosarecomas in lymph 


nodes or viseeral organs indicated that there may 
have been regional metastases as well as obvious 
Regional 


would not 


invasive spread of the tumors meta 
This with 


accepted theories of origin of one or more of the 


etases could oceur conflict 


tumors in the involved area from a leukemia with 


metastases or from growths having multicentric 


origins, 
Most veterinarians are familiar with the massive 


solitary or multiple bovine lymphosarcomas of 
individual or con 
diameter of 20 to 
20 lymphosarcomas, including 


Holstein- Friesian 


the eervieal which, as 
fluent 


ath em, 


region 
growths, often attain a 
Ten of our 
one found in an S-month-old 
ealf, were 
located in variable patterns from the pharyngeal 


from animals with lymphoid tumors 


region to the thoracie inlet. An effort was made 
these growths could 
year-old 
cells re 


to determine whether any of 
be identified as 
Aberdeen Angus heifer had 
sembling the epithelial cells of 
puseles seattered among neoplastic lymphoid cells 


thymie tumors A 

groups of 
Hausvall’s cor 
in a reticular stroma in one of several growths. 
In still identifiable but tumefied lymph nodes in 
this 


et Ils. 


there were only 
One explanation advanced for the 
thymic that they 


remnants of thymus whieh had been engulfed by 


animal, neoplastic lymphoid 


structures was were atrophic 


an expanding tumor, In our files, we have two 


examples each of thymic epithelial tumors of 


moderate size in enttle, sheep, and swine but none 
of these was represented by multiple or metastatic 
that tumors could 


growths, It is truce lymphoid 


arise in the lymphoid elements of thymic tissue 
but it is confusing to call them thymomas, 

Two of the lymphosarcomas were from animals 
with lesions in the orbital region; one was in the 
membrana nictitans, the other in the 
of the eyelids. The 


were markedly tumefied in 1 affeeted animal; one 


conjunetiva 


supramammary lymph nodes 


tumor mass was 30 em. in its greatest diameter. 
lesions and 6 had massive 
growths in the wall of the forestomachs. One of 
the latter affeetedl bloat, ob 


served on antemortem 


Ten animals had heart 


was with chronic 
Inspection, 

No animal had metastases in both the lung and 
later if the 


Three 


liver but such might have occurred 


animals had not been slaughtered. had 


multiple metastatic lesions in the lung but none 
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in the 6 had multiple 


in the 


liver or kidney whik growths 


liver recognizable lung metustases 


of the blood 


existed, Feldman’s oleerva 


and ne 


No studies were made to determine if 
leukemia 
the 


many of 


any type of 
that 
volved in 


tion, spleen Was not demonstrat 


his cases (14 tumetied spleens 


animals), was supported by findings of 


the 


de finite lesions in only five spleens mn 
animals, 

The 20 eattle 
vears old, 2 
were 3, 4, 8, 9, and 12 
old and | 
group consisted of 1 
The 
Holstein-Friesian, 5; 


were 6 
old, 1 


were 


were of all groups; 3 


each were 1, 2, and 7 years 


old, 5 


S month-old 


eneh 
listed as 
enlf. The 
14 females, 


years 
animals, Was an 
bull, 
for 
Hereford, 5; 


steers, and 


breed reeorded 12) animals 


Wiis: 
Aberdeen Angus, 2. 


Although no bovine myeloid tumors Cehloromas 


were collected in the survey, they should be men 
tioned beeause they have been rather frequently 
submitted to this laboratory and might be con 


Attention 


a widespre ad 


fused grossly with lymphoid tumors 


is directed to them either because of 
distribution in lympl nodes, the greenish color of 
their unusual when 
in skeletal 


rarely, in bone. 


most, of appearance present 


musele, abdominal viseera or, more 


They are usually quite distinetive 
difficult to dif 
from several types of foeal myositis of 


microscopically and are not 


ferentiate 
skeletal musele, which may be green, charneterized 
infiltrations of and of 


by massive eosinophils, 


much more frequent occurrence, In the myeloid 
tumors, neoplastic myeloblastic cells, and cells 
with eytoplasmie granules, whieh are indistin 


mature 
the 
tumor 


guishable from leukocytes, are 
We have been 
skeletal 


musele and once in the spleen in which the neoplas 


granular 


frequently seen in same lesion, 


puzzled by a observed onee in 


tie cells of the lesions were morphologically simi 
lar to mast eells in various stages of differenti 
ation. Whether these two tumors sare true mast 
cell sarcomas or myeloid tumors is debatable. 


Schwann’s Cell Tumors. 


in entth 


Schwann’s cell tumors 


would seem to be incerensing in frequenes 


in the United States, Even though the 45) cases 
table 1) made the Sehwann’s cell tumor the most 
frequently diagnosed bovine tumor, it is a eer 


tainty that other sehwannomas overlooked 


Mans of 


are found, and particularly the peripheral innerva 


were 


the anatomic sites in which the growths 


tions of the museulature, can not be examined in 


routine ment imspeetion, 
No special seareh was made for lesions of this 
disens We did cheek, when possible, for multi 


centric manifestations of the tumor at necropess 


when 


one or more suspected Sehwann’s 
growths were found. Multiple neoplastic lesions 
were confirmed by microseopie examination in 30 
of the 45 affeeted animals, Circumstances did not 
permit the conducting of detailed necropsies in the 
13 animals with solitary lesions and in 15 of the 
30 animals with multiple lesions, Findings in 
these 2S causes, in which no seareh was made for 
additional Schwann’s cell tumors, would be repere 
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sentative of those made by ment inspeetors in 
routine examination of Viseern and exposed por 
tion of carcasses, 

Indications of metastasis were not apparent in 
any of the 43 cases and most of the lesions 
appeared quite benign, In an earlier paper from 
this laboratory, it was suggested that Schwann’s 


cell tumors frequently had multicentrie origins in 
affeeted animals 

The cattle 
those 


avimals, | 


in the present group were older than 
the 1955 
Of the 43, 27 were listed only as old 
10, and 
(} vears old, 3 as 7 vears old, 4 

had 


one S-year-old steer and 2 


discussed in paper on Sehwann’s 
tumors, 
each as 3, 1, 12 vears old, 3 as 
as years old and 
no recorded All were cows, except for 
old bulls. Of the 27 
were Herefords, 1 a Holstein 
Aberdeen Angus, 1 of mixed breed 


1% the breed was not reported 


affected animals, 21 
Friesian, | an 
and for 

The clinical appearance of cattle with Sehwann's 
ecll recognized the 
United States. New York re 
contly affected 
the 
types of 


tumors is beginning to be 
Goodman al in 
made elinient 
the 


subsequent 


observations on 


Cows: multiple tumors eneountered in 


necropsies represented 


growths consistent with those previously de 
scribed,” 

Since the pathology of bovine Sehwann’s cell 
tumors was discussed ond illustrated 1955, 


only a few additional observations on Kross appeat 
ance and sites of origin will be made: One case 
(P2231) in the present two-vear survey had been 
diagnosed in’ January, 1953, and was ineluded 


with 24 other cases in the 1055 report, There was 


no other 


overlapping of the two ecolleetions of 
Schwann’s cell tumors, 
In one cause in the present study, outgrowths 


Fig. 12—Tumefactions of a seventh cervical spinal 
nerve by a Schwann’s cell tumor in an old Here- 
ford cow. The tumor involved the dorsal and ven- 
tral root fibers (arrows) near the spinal ganglion 


but did not extend to the spinal cord 


D 2816). 
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Among the 43 cases in our present survey, we 
observed 30 in which there were single or multiple 
Schwann’s cell tumors of the heart; 23 were multi 
eentric growths. A review of the 16 cases with be 
eardiae involvement reported in 1953” and the 
data on the present cases have made us more cer- 
tain that the growths originate in the sheaths of 
branches of cardiae nerves. As mentioned in ° 
1953, the lesions are often poorly eneapsulated 
and may be found several centimeters from a ear 
diac nerve or its main branches. However, so 
many of the tumors are found in the epicardium 
or myoeardium in or near the left or right longi 
tudinal grooves (fig. 14) that one would suspect 
they had some relation to the larger nerves or 
blood vessels. Frequently, only one groove or a 
portion of a groove is associated with a group of 
multiple growths. 
Branches of the eardiae nerve could be the point 
of origin for a myocardial growth but we have 
not found a plexiform tumefaction of such a 
nerve extending from the tumor to involve large 
hranches of the cardiac nerves. In a few instances, 
small superficial epicardial tumors were attached 
to or were actually tumefied portions of small 
epicardial branches of the cardiae nerves. These 
tumors seemed to be similar to those observed by 


Fig. 13— Cut surfaces of two encapsulated 
Schwann’s cell tumors attached to a nerve of the 
brachial plexus in a 10-year-old black cow of mixed 
breed. Note the cystic spaces in the larger tumor 
in the upper portion of the photograph (case 
D 2863). 


from tumefied posterior ecervieal and first thoracic 
ganglia were traced to growths involving the 
spinal nerves, These growths extended to enlarge 
some of the spinal ganglia (up to 2 times) and 
even the dorsal and ventral nerve root fibers be 
tween these spinal ganglia and the spinal cord 
(fig. 12). The tumor did not directly involve the 
spinal cord or the segments of the dorsa) and 
ventral root fibers immediately adjacent to the 
cord, 

The large cystic spaces described as a frequent 
component of Antoni type-B tissue in human 
Sechwann’s cell tumors were not observed in the 
1953 study but, in the present two-year survey, 
they were seen in growths distinetly attached to 
nerves, This type of cyst is usually identifiable at 
necropsy (fig. 13). We have not seen the cysts in 
the heart and this is logical when it is realized 
that the cysts represent an aging phenomenon in 
an original Antoni type-A tissue growth which is 
seldom present in the cardiac tumors, 


Fig. 14—A lobulated, encapsulated Schwann’s cell 
tumor arising in the epicardium and myocardium 
of the right ventricle in a 6-year-old cow (case 
D 2700). 
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Goodman ¢f al.,” who reported many instaneés of 
a definite attachment of Schwann’s cell tumors to 
epicardial branches of cardiae nerves in two cases. 
However, the majority of our Schwann’s cell 
tumors of the heart were not superficial but em 
bedded deep in the myocardium. Some were com 
pletely surrounded by muscle and were not visible 
until the heart was incised. Others appear to have 
originated in the myoeardium and to have in 
vaded the muscle until they were visible beneath 
unincised epicardium. The point of origin in a 
nerve for these two types of growth has not been 
established, although small nerves have been found 
in them. There is no doubt about the extracardial 
involvement of cardiac nerves in the cases with 
that type of involvement which we have observed; 
these growths are consistently attached to nerves 
and are predominantly composed of Antoni type-A 
tissue, When located within the myocardium, the 
tumors are preponderantly of a cellular, hap 
hazardly arranged schwannian tissue;” this is 
unfortunate beeause it is the Antoni type-A 


Fig. 15—A pedunculated Schwann’s cell tumor at 

tached by a stalk to the endocardium and myo- 

cardium of the left ventricle in an old Hereford 

cow. A second Schwann’s cell tumor was found 

in the myocardium of this same ventricle (case 
D 2874). 
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Fig. 16 and 17—A soft, thinly encapsulated, mu- 
cinoid Schwann’s cell tumor which was attached 
to a branch of a tumefied spinal accessory nerve 
in the musculature covering the posterior lateral 
surface of the scapula in an old Aberdeen Angus 
cow. Figure 16 shows the exterior of the tumor 
and figure 17 represents two incised surfaces of 
the growth. Multiple Schwann’s cell tumors of the 
heart, brachial plexuses, and cervical, thoracic, 
and abdominal ganglia and plexuses were also 
found in this animal (case D 2734). 
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growths in which one ean most clearly demonstrate 
of tumor to nerve sheaths in 
in cattle. We have seen 


a close attachment 
other anatomic locations 
oceasional examples of growth of Antoni type-A 
tissue in some of the larger epicardial schwan 
nomas, A point of origin in a nerve can be demon 
*trated conelusively in a few of these epicardial 
growths but not in the myocardial tumors or in 
endocardial growths. 

In this survey, five polyp-like growths arising in 
the endocardium (fig. 15) have been established as 
Schwann’s cell tumors, At first, we believed that 
most of these were fibromas whieh are similar in 
appearance and oecur in this same anatomic site. 
However, we found a microscopic pattern in parts 


which was typical of neoplastic 
In 4 of the 5 animals, one 
found 


and 2 of 


of tumor 


Schwann’s cell tumors. 


or more Sehwann’s cell tumors were also 


in the myocardium of affected hearts 


them had additional Sehwann’s cell tumors in 


other anatomic loeations, 
The 


of skeletal musele may 


Schwann’s cell tumors attached to nerves 


vary greatly in their con 
sisteney and However, excluding the 
group, Antoni 


A soft, mucinoid, loosely textured, 


appearance, 


plexiform most are eomposed of 
type-A_ tissue, 
Schwann’s cell tumor (an unusual tumor) 


tiated (fig. 16, 17) to show that extreme variations 


is illus 


in appearance may oeeur in there tumors of peri 
pheral nerves. A more typical tumor of the firm, 


nodular, neurilemmoma type of growth (fig. 18) is 


Fig. 18—An encapsulated Schwann’s cell tumor (arrows) is attached to nerves and blood ves- 
sels in the fascia near the insertion of the omohyoideus and sternocephalicus muscles in an old 
Hereford cow. 
Fig. 19—Schwann’s cell tumors (arrows) are attached to nerves in the parenchyma of the 
liver near the walls of the portal vein in the same animal (case D 2817). 


ANDERSON 


Am. J. Ver. Res 


Davis OcTOKER 1956 


apparently also the most frequently encountered 
type of Schwann’s cell tumor in man. 

In the nine cases of Schwann’s cell tumors re 
1936, with 


were deseribed, 


by Jackson” in two lesions 


limited to the tongue 


ported 
supposedly 
Careful 
tongue in all neeropsies in the 
in all animals with lesions suspected 
Two animals (both 


examination was made, therefore, of the 
present study and 
particularly 
to be Schwann’s cell tumors. 
in this survey) with attached to the 
musele fibers of the tongue have been found. One 
soft, greyish, poorly encapsulated, mucinoid tumor 


growths 


embedded deep in the museu 
dorsum linguae 
found in a 
10-year-old, black, mixed breed female. The other 
Hereford cow, Numerous, greyish, 
fibrous their 
were found in the musculature at the base of 
attached 
growths 
this 
included several tumors attached to nerves in 


(30 x 25 x 25 mm.), 
region 
posterior 


lature in the where the 


forms its prominence, was 


was in an old 


nodules (5-15 mm. greatest diame 


ter) 
the tongue; visibly 


these were 


additional 


some of 
Many 


anatomic 


to small nerves, were 


found in various sites in animal; 
they 
the faseia of the omohyoideus and sternocephali 
extensive growth 
much of the 


Perhaps, 


cus museles (fig. 18) and one 
involving one adrenal ganglion and 
medullary portion of the same adrenal. 
the most unusual neoplastic lesion in this animal 
third unilateral 
Schwann’s cell tumor diagnosed at this laboratory. 
In the mentioned in 1953, 


was represented by the acoustic 


two acoustic tumors 
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Fig. 20—An extensive plexiform tumefaction by a 


Schwann’s cell tumor of three nerves of the bra- 
chial plexus in a 7-year-old Hereford cow (case 
D 2577). 


Fig. 21—A schwannoma 
of the first thoracic gan- 
glion with plexiform 
tumefactions of the nerves 
communicating with the 
ganglion in an old Here- 
ford cow (case D 2731A). 


elinieal signs of a central nervous system dis 
turbance had been observed, but not in the present 
case. The acoustie tumor was a fibrous, lobu 
luted growth (6 x 3.x 3 mm.) which was distinetly 
attached to the border of the left aeoustie nerve 
about 15 mm. peripherally from the point where 
its roots merge as a single nerve. On microscopic 
examination, the lesion was found to be a neu 
rilemmoma type of Sehwann’s cell tumor with 
Antoni type-A tissue and distinet Verocay bodies, 

Plexiform Schwann’s cell tumors are most spee 
tacular at necropsy when involving larger nerves 
(fig. 20) but one has no diffieulty in immediately 
sensing the abnormality in small nerves, By eare 
ful palpation, one may attempt to find the small 
nodular and = frequently associated growths of 
Antoni type A tissue (neurilemmoma) to help eon 
firm a gross diagnosis of an early plexiform 
giowth Nerves of the brachial plexus con be 
easily palpated when exposed at neeropsy The 
smaller of the two incised nodular growths at 
tached to a tumetied nerve (fig. 13) is an example 
of this type of involvement, 

Enlarged nerves can usually be seen extending 
fiom the borders of ganglia which are tumefied 
with sechwannian growths, Some tumefied ganglia 
(fig. 21) are more identifiable than others, A tume 
fied coeliae plexus may become greatly enlarged 
and continuous with the hepatie plexus, In one 
ease (fig. 19), a tumor of these plexuses followed 
the ramifieation of numerous nerves into the 
parenchyma of the liver, 

Adrenal Medullary Tumors. The adrenal medui 
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were represented by two different 
types of tumors. Among our five tumors, three 
were considered to be neuroblastomas and two 
were pheochromocytomas (chromaffin tumors). 

Of the three neuroblastomas, two were found 
in young animals, 1 and 4 years old. The third 
was 10 years old and all were females. In the 2 
younger animals, the tumors were large; one from 
each was 30 em, in diameter and a second bilateral 
tumor in the 4-year-old was 5 em. in diameter, In 
the 10-year-old, two small growths (13 and 15 
mm., dia.) were found in the medullary zone of 
one adrenal and represented an incidental finding 
in a detailed necropsy to study the distribution 
and extent of Sehwann’s cell tumors of the 
brachial plexuses, tongue, heart, mediastinum, and 
abdominal ganglia, nerves, and plexuses. All of 
the neuroblastomas, microscopically, were com 
posed of neuroblastic cells and formed rosettes in 
seme portions of the growth. In our survey, we 
did not see any bovine ganglioneuromas of the 
adrenal which, histologically, are recognized by 
more mature appearing neoplastic nerve cells and 
fibers and usually include appreciable numbers of 
recognizable ganglion cells. Neither did we ob 
serve mixed ganglioneuromas and neuroblastomas, 
which are believed to represent varying degrees of 
differentiation within a tumor of neuroblastic 
cells, These bovine mixed tumors and gang 


lary tumors 


lioneuromas have been diagnosed in other abattoir 
specimens submitted to our laboratory. 


diagnosed 
their 
arrange 


pheochromocytomas were 
histologically by the resemblance of 
cells, both in morphology and 
ment to adrenal medullary tissue. Some of the 
tumor cells had brown-staining granular eyto 
plasm when fresh blocks of tissue were fixed in a 
special chromate solution, However, these cells 
were not numerous in either of the tumors and 
most of the tumor cells in each had only a few 
seattered granules associated with light chromaffin 
staining of the cytoplasm. Similar bovine tumors, 
in our files, which had been fixed in chromate 
sults generally stained poorly for chromaffin, Per 
haps, many of the tumors were not differentiated 
sufficiently to form large numbers of granules, 
Both were in old cows and | animal had a bilateral 
involvement, One of the tumors, in the latter 
cow, was 10 em. in diameter with a rounded, 
thinly eneapsulated projection (2 em., dia.) pro 
truding through the wall and into the lumen of 
the posterior aorta, This tumor was adherent to 
the kidney and liver. The tumor in the opposite 
adrenal was only 1 em, in its greatest diameter, 
was surrounded by medullary tissue, and was 
identical in microseopie appearance to the other 
The pheochromocytoma in the second cow 


The two 
com 


ponent 


tumor. 
was 11 em, in its greatest diameter. 
Smooth Muacle Tumors.—The eight 
muscle tumors were solitary, benign leiomyomas., 
Four were present in the wall of the uterus, two in 
the myoeardium, one in the anterior mediastinum, 
and one in the parenchyma of the lung. As a 


smooth 
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group, the leiomyomas were rather massive and 
encapsulated. The unusual growth in the lung of a 
l-year-old steer was 9 em. in diameter. Both heart 
tumors were 5 em. and the mediastinal one was 
2 em, in diameter. The leiomyoma shown in 
figure 22 was not our largest uterine growth as 
another in an old cow measured 28 by 18 by 7 em. 
One 11 by 10 by 6 em. was found in a 10-year-old 
cow in a gravid horn which contained a nearly 
full-term ealf. Whether the tumor had been de 
tected elinieally is not known since no history was 
available. The fourth uterine leiomyoma was 
13 em. in diameter. Ovarian eysts were found in 
3 of the animals with uterine leiomyomas. 

The breed of 5 had been reeorded; all were 
Herefords; all were females except for the one 
steer; and 3 were listed as old, 2 as 10 years old, 
and 1 each as 1, 2, and 6 years old. 


Illustrated Case 


Figure 22.—Leiomyoma of the uterus of 
an old Hereford cow is shown (case 
1) 2675). 

Necropsy.—A solid, oval, thinly eneap- 
sulated mass (14 x 14 x 12 cm.) was present 
in the wall of the body of the uterus, with 
one border within 1 em. of the cervix. 
Neither the mucosa nor the serosa was 
penetrated by the tumor. On section, the 
tumor was firm and, in some areas, fibrous. 
It was grey and had yellow necrotic areas 
scattered in it. One ovary had a large cyst 
in its parenchyma. 

Angivid Tumors.—Five angiomas and 1 angio 
sarcoma were found. We had not only the difficult 
problem of differentiating benign (angioma, 
hemangioma, hemangio-endothelioma) from malig 
nant (angiosarcoma, malignant hemangioma, and 
malignant hemangio-endothelioma) but had 
te attempt to identify vascular malformations and 
tumors of these malformations (we prefer to 
designate a vascular malformation. as « hamartia 
and its benign neoplastic form as s hamartoma). 
The identification of angioid tumors as 
tomas is almost impossible to make except in the 
young or where there is a still recognizable con 
genital malformation. They found in 
younger animals (3 were 2 years old, 1 
years old, and 2 were 5 years old); 
and 2 were cows; 5 were Herefords; and all 
appeared to be in good condition at slaughter so 
the tumors were believed to represent incidental 
findings. 

Angioid tumors can be multicentric in their 
origin and it is difficult to whether 
multiple and anaplastic growths such as were seen 
in heifer D 2871 (fig. 23) were actually multiple 
tumors or a single primary tumor with metastases. 
Although the tumors appeared invasive 
in this case and there may have been a metastasis 
of some of them by the regional 
lymphaties, lack of liver or lung metastases indi 
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eated that the tumors probably arose inde- 
pendently. 

The other five were regarded as benign an 
giomas and were represented by single lesions; 
two were in the spleen (fig. 25, 26), two in the 
myocardium of the ventricles just beneath the 
endocardium (fig. 24) and one in the anterior 
mediastinum. The angiomas of the heart had a 
tendency to form cavernous spaces; one was 
found in the left ventricle, the other in the right 
ventricle. The splenic angiomas contained numer- 
ous eysts, many filled with blood from intracystic 
hemorrhages. There are angioid tumors of the 
liver, lung, kidney, and skin in our collection but 
none was encountered in those sites in this survey. 


Fig. 22 — Leiomyoma of 
the uterus in an old Here- 
ford cow. An incision has 
been made through the 
originally intact serosa 
into the main tumor mass 
(case D 2675). 


Fig. 23 — Angiosarcoma 
of the omentum in a 2- 
year-old Hereford female. 
Several cysts can be seen 
(case D 2871). 
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Illustrated Cases 

Figure 23.--Angiosarcoma of the parie- 
tal peritoneum, mesentery, omentum, and 
internal iliac, bronchial and mediastinal 
lymph nodes is shown in a 2-year-old Here- 
ford heifer (case D 2871). 

Necropsy.—Multiple red and firm or 
cystic tumors were found on the parietal 
peritoneum, omentum, and mesenteries. 
They varied in size from 1 to 30 em, in 
their greatest diameter and were not 
present on the abdominal organs. They 
were quite irregularly shaped, and some- 
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Fig. 24—Angioma of the 
endocardium and myocar- 
dium in a 3-year-old 
Hereford steer. The tu- 
mor has been incised 
(case D 2804). 


Fig. 25—Angioma of the 

spleen in a 2-year-old 

Hereford steer (case D 
2738). 


Fig. 26—Angioma of the 
spleen in a 5-year-old 
Hereford steer. About 
three fourths of the sur- 
face of the tumor has 
been removed to show a 
partial cross section of 
the growth (case D 2787). 
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times portions of a single tumor were con 
nected only by a narrow strand of neoplas- 
tic tissue. Firm, reddish tissue, inter- 
spersed with small blood-filled spaces, had 
replaced portions of enlarged internal iliae, 
bronchial, and mesenteric lymph nodes. 
The uterus of this animal contained a nor- 
mal-appearing fetus estimated to be 6 
months of age. 

Figure 24.—Angioma of the heart of a 
3-vear-old Hereford steer is shown 
1) 2804). 

Necropsy.--An oval, firm, encapsulated, 
glistening mass (30x 20x14 pro- 
truded from the endocardium of the right 
ventricle. The base of the tumor merged 
into the superficial layers of myocardium 
beneath the endocardium with much of the 
point of attachment being confined to a 
prominent ridge of one of the trabeculae 
carneae, On section, there were small 
blood-filled spaces arranged between firm, 
reddish and softer, pale vellow tissue. A 
few. small areas of calcification were 
present in the growth. 

Figure 25.-Angioma of the spleen of a 
2-year-old Hereford steer is shown (case 
2738). 

Necropsy. 


cease 


single, oval, thinly en- 


capsulated mass (14 x 12 x 7 em.) pro- 
truded from the parietal surface of the 
spleen with one border extending to the 
hilus and another to within 2 cm. of the 
dorsal extremity. The surface of the tumor 
was roughened, and small membranes from 
former adhesions could be stripped from 


Fig. 27—Cut surface of 
a fibroma of the abdom- 
inal wall in an old Here- 
ford cow (case D 2187). 
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the 
tissues of 


it. On tirm, reddish or soft, 
pale yellow the growth were 
divided irregularly by dense, fibrous trabe- 
culae. Cystie spaces, usually several milli- 
meters in diameter, containing blood or 
clear yellow or pinkish fluid were present 
in the tumor. 

Figure 26.—-Angioma of the spleen of a 
o-year-old Hereford steer is shown (case 
1) 2787). 

Necropsy. An oval, thinly encapsulated 
growth (15 x 14 x 7 em.) arose from the 
visceral surface of the spleen and one bor- 
der of the tumor extended to within 2 em. 
of the spleen’s ventral extremity. On see- 
tion, the growth was a firm, reddish, indis- 
tinetly lobulated mass. Several, thinly 
walled cystic spaces (up to 1 em. dia.) 
filled with blood or red, watery fluid were 
present within the tumor 

Fibrous 
ferentiation of 
is often 


section, 


The dif 
a benign tibroma from a fibrosar 
or There is a 
tendency to regard many fibrous connective tissue 


Connective Tisane Tumors. 


coma impossible, 
tumors as fibrosarcomas and this is partially justi 
fied when one eneounters the not too infrequent 
with The behavior of 
fibrous tumors in specific sites, as indicated in the 
following paragraphs, is often more helpful than 
a diagnosis of a 


case metastases, elinieal 


microseopic findings in making 

benign or malignant tumor, 
Of our seven tumors, three were diagnosed as 

their 


showed 


fibrosearcoma when histologically anaplastic 


pronounced and 


One 


type of growth gross 


microscopic invasive tendencies. was a pri 


mary fibrosarcoma in the subeutis and musele of 


the cheek (fig. 20) with parotid Iymph node and 
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lung metastases; the second was a subcutaneous 
mass around one button remnant of an unde- 
veloped horn in a 6-year-old Aberdeen Angus cow, 
an4 the third was in the frontal sinus (fig. 28). 


Fig. 28—A portion of a fibrosarcoma (left) of 
the frontal sinus in a 5-year-old Hereford cow. 
The outer segment of the tumor was attached to 
the sinus mucosa by adhesions only (case D 2367). 
Fig. 29—Cut surface of a fibrosarcoma of the 
cheek with parotid lymph node and lung metas- 
tases in a 4-month-old Hereford heifer (case D 
2182). 
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A large and multiple fibroma of the penis of a 
2-year-old steer was diagnosed as benign on the 
basis of our study of several tumors and the work 
summarized and expanded on by MeEntee,™ which 
indicated that this type of not known 
to metastasize, but may regress and, perhaps, is 
initiated by the skin papilloma virus. Our other 
three fibromas were found in sites where we had 
previously benign fibrous tumors, the 
tongue, the abdominal wall (fig. 27), and the 
endocardium of the right auricle as a polyp-like 
growth, 

All of the affeeted except the 
with the penile fibroma, were females. Two were 
old, 1 was a 4-month-old Hereford ealf, and the 
others were 3, 5, 6, and 8 years old. 


tumor 


observed 


animals, steer 


Illustrated Cases 


Figure 27.—¥ibroma of the abdominal 
wall in an old Hereford cow is shown (case 
DD) 2187). 

Necropsy.—An irregularly lobulated, 
white, subcutaneous growth (6 x 5x 3 em.) 
was embedded in the fascia and obliquus 
abdominis externus muscle of the right 
abdominal region. It was not attached to 
the skin. On section, the tumor was firm 
and fibrous and had only small vascular 
channels within it or at its periphery. 

Figure 28.—Fibrosarcoma of the frontal 
sinus in a 5-year-old Hereford cow is 
shown (case D 2367). 

Necropsy.—The right frontal sinus was 
almost completely filled with a massive, 
irregularly lobulated tumor which 
firmly attached to or embedded in 
mucosa, Portions of this growth were 
fibrous and a uniform greyish white. The 
minor compartments of the frontal sinus 
around the right eye also contained con 
fluent, lobulated masses of the tumor, and 
these were also difficult or impossible to 
strip free from the underlying mucous 
membrane. 

Figure 29.—Fibrosarcoma of the cheek 
with lung and lymph node metastases in a 
4-month-old Hereford heifer is shown (case 
D 2182). 

Necropsy.—A greyish white, irregularly 
lobulated mass (11 x 7 x 4 em.) 
present in the right maxillary region ex- 
tending from the angle of the lip under the 
skin and almost to the border of the eve 
and the parotid lymph nodes and glands. 
Some lobules of the growth were very 
vascular, The tumor penetrated neither 
the skin nor the mucosa and was embedded 
in the fascia and musculature. <A_ firm 
nodule about 3 mm. in its greatest diameter 
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was found just beneath the pleural surface 
of one apical lobe of the lung. A grey, 
fibrous mass was seen in the parenchyma 
of the right parotid lymph node. Tiny, 
soft, greyish lesions in the cortex of a 
greatly enlarged right preseapular lymph 
node represented lymphoid hyperplasia. 

Mesotheliomas. in diag 
nosing a mesothelioma of either the 
pleural, pericardial, or peritoneal eavity because 
of the similarity of lesions of some inflammatory 
and metastatic or tumors of 
serous membranes, 
of ovarian, uterine, bile duet, and intestinal earei 
nomas, individual histological sections could easily 
be mistaken for mesotheliomas, 


There is a hesistaney 


primary 


processes primary 


In some peritoneal metastases 


In this survey, we found two mesotiieliomas of 
the peritoneum and none of the pleura or peri 
Several mesotheliomas 
or the study 


Histologically, 


eardium, 
discounted after complete necropsy 
of numerous histological 
the anaplastie mesothelial cells may 


suspected were 
sections. 
appear a8 a 
squamous, stratified epi 
thelium on the portions of the 
The most consistent feature of most bovine meso 
thelial tumors is the subserous and nsually irregu 
larly papillary proliferation of connective tissue 
and collagen. Nests of neoplastic mesenchymal 
cells are frequently found within masses of this 
fibrous tissue but they always appear as trapped 
groups of cells and it would seem probable that 
connective tissue had grown over and 
them. 

In one of our survey animals (a 5 year-old eow 
ot unknowr breed), the lesions were found only 
on the peritoneum, omentum, and the serosa of 
the spleen. The other animal 
horn) 


cuboidal, columnar, or 


external tumors. 


around 


(a 6-year-old Short 
had lesions in these same sites in addition 
to numerous growths on the serosal surface of the 


Fig. 30—Scattered mes- 

othelial tumors embedded 

in the peritoneal surface 

of the diaphragm in a 

5-year-old cow (case 
D 2922). 
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rumen and reticulum, As in other mesotheliomas 
studied at this laboratory, there was no evidence 


of metastasis from these serous surfaces, 


Illustrated Case 

Figure 30.—-Mesothelioma of the peri 
toneal cavity of a 5-year-old cow is shown 
(case D 2922). 

Necropsy._-Many greyish, firm, flattened, 
or papillary growths (usually 3-6 em, in 
their greatest diameter and a few up to 20 
em.) covered, and were firmly attached to, 
large areas of the peritoneum, They were 
also found as multiple growths in the serosa 
of the rumen, reticulum, and spleen 

Velanomas.—Both melanomas found in the sur 
vey were large, contained an abundance of melanin 
pigment, and were found in the skin and subeutis, 
Neither had externally through the 
One was benign, the other malignant with 


penetrated 
skin. 
metastases, 

The benign melanoma was present on the fore 
arm (fig. 31). tumor was an in 
filtrating growth (13 x» 10 x 3 em.) in the skin 
and subcutaneous tissue overlying the left) parotid 
gland with a 
the left parotid lymph node and many metastases 


The malignant 


salivary large metastatic lesion in 
in the cervieal lymph nodes and in all lobes of the 
lung. 

Both were in 


age. 


Hereford cows, 2 and 7 years of 


Illustrated Case 


Figure 31.—Melanoma of skin of the 
right forearm in a 2-vear-old cow is shown 
(case D 3162). 


Necropsy.-A_ raised tumor (13 x 10 x 
em.) which had a wrinkled, hairless, and 


G70 


mottled black and grey surface was present 
on the medial aspect of the right forearm. 
On section, the growth was fibrous, deep 
brown to black, and of a uniform 
sistency, There was no evidence of in- 
vasion of the underlying musenlature by 
this tumor, 

A solitary found in the sur 
vey was considered to have a possible congenital or 


Lipoma lipoma 


hamartial origin, It solid, 
flattened, encapsulated, subpleural 
30x10mm.) in one apieal lobe of the lung of a 
Hereford heifer, 2 years old. On 


was represented by a 
growth (35 x 
section, it was 
grey and had a fatty consistency. Histologically, 
the tumor 
stages of differentiation in a fibrous stroma. 


Veningioma., 


was composed of fat eells in varying 
Our single case of a meningioma 
was found in a l-yearold Hereford female whieh 

blind and circled to the left at 
inspection, The found at 

which might this 
were noticeably thickened, reddened, and adherent 


appeared ante 


morten only lesions 


necropsy account for action 


loptomeninges over the cerebellum. Histologieally, 
the involved meninges were represented by a tumor 
of plamp, polyhedral, epithelial like cells growing 


Fig. 31—A benign melanoma removed from the 

medial aspect of the right forearm of a 2-year-old 

Hereford cow showing the incised bottom portion 

of the tumor (b) and the top of the growth (a) 
(case D 3162). 
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in clumps or in a distinet papillary arrangement 
in a very vascular connective tissue stroma. 


OVINE TUMORS 


indicated in table 2, a 


definitely 


Adenocarcinomas. As 
primary 
only two of the seven ovine adenocarcinomas re 


site could be determined in 


ported in the survey. All of the adenocareinomas 
were found in old ewes and only a thyroid adeno 
(7x5x3em.) was not metastatic, The 
kidney (18 xX6x5 


mediastinal, hepatic, 


carcinoma 
adenocarcinoma of the 
had lung, 
sublumbar, and internal 


large 


em. liver, and 


iline Iypml node metas 
tases. 


Four of the 
could not 


five adenocarcinomas in which we 


establish a definite primary site had 


peritoneal and abdominal  viseeral 


It was suspected that the primary site 


widespread 
metastases, 
for these tumors was some portion of the urogeni 
tal tract or Unfortunately, the 
identification of after 
could not be made due to the slaughtering methods 


mammary gland 


these organs evisceration 
employed in the Denver abattoirs, 

In the other 
were found in the pleura, mediastinal lymph nodes, 
and lung and 
intestinal or a 


metastatic adenocarcinoma, lesions 


metastases from 


tract 


were regarded aus 


either an urogenital cares 
noma, 

Liver Tumorse—In liver tumors 
of sheep with those of cattle, there were many 
similarities and some differences. Six of the eight 


tumors were liver cell carcinomas, one was a liver 


comparing the 


cell adenoma, and one was a bile duct eareinoma. 
One liver cell carcinoma had a single metastatic 
lesion in the kidney. The bile duct careinoma was 
a large solitary tumor (8x 6x 5em., 

Five of the six liver cell carcinomas were repre 
sented by a single tumor. Their greatest diameters 
were 22, 17, 15, 11 with the 
kidney metastasis was 17 The 
sixth carcinoma had two and 1 em., 
dia.) which were well separated from each other 
in the dorsal lobe of the liver. No hepatic cirrhosis 
was associated with any of the and the 
growths either appeared slightly invasive or were 
thinly encapsulated. The tumor in 1 old male ani 
mal had large fibrous and calcified areas within it 
but no cirrhosis of the adjacent other 
liver cell tumors had a soft, fatty consistency. 

Small areas of were scattered 
throughout four of the five liver cell carcinomas, 
a lesser extent, 


and S&S em.; the one 
em. in diameter. 


lesions (11 


tumors 


liver; the 
hematopoiesis 


the one liver cell adenoma and, to 
in the liver parenchyma adjacent to some of the 
tumors, 

The variety of color changes seen in the bovine 
liver cell in the sheep 
tumors, A very noticeable deposit of fat in the 
liver cell tumors and not in the nontumefied por 
tions of the liver gave all but one of the growths 


tumors were not present 


a grey to yellow color with the associated hema 
topoiesis producing reddish, punctate markings on 
this light background. One tumor had grey, fatty 
lobular areas alternating with light brown lobules, 


as 
4 ra ; 
he 
‘ 
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hemorrhage and were 


all the tumors but were not 


Small areas of necrosis 
present in 
There 


appearance of the sheep tumors to compare with 


prominent. 


was no uniformity in the histological 


that seen in the bovine liver cell carcinomas, A 
trabecular structure was observed in each growth 
but the embryonal, immature, and mature cell type 
structure of some groups of neoplastic cells would 
piace at least one growth in each of Edmondson 
and Steiner’s 
with 
with large intensely hyperehromatic nuclei not in 


cells 


four grades of liver cell eareinoma 


trabecular structure. Invasiveness and cells 


frequently arranged as multinucleated giant 
helped to establish the metastatic and one other 
carcinoma as particularly malignant tumors. 

The age of 4 of the animals afflicted with liver 
cell tumors, ineluding the 1 
adenoma, was estimated to be between 5 
and 1 The 2 old 
an old The carcinoma 
in an old ewe, 


diagnosed as an 
months 
and 
was found 


other 3 
bile duet 


yeur. were ewes 


ram, 
Adrenal Cortical Tumors.—-\t had been expected 
that a high percentage of the sheep tumors in the 
would be adrenal cortical Feld 
adrenal reported 
i sheep tumors as 


survey tumors, 


regarded ten tumors 


amony his being of eortical 


origin. However, only five of our 14 adrenal 
tumors were diagnosed as adrenal cortical tumors 
table 2 le 

The three adrenal cortical carcinomas and two 
adenomas found in our survey were not as distine 
tive in their microscopic appearance as the bovine 
cortical tumors. The neoplastic cells of the tumors 
were characteristically arranged in cellular masses 
and eystie changes and the formation of fibrous 
trabeculae and small calcified bodies were minimal 
as compared to corresponding changes in a typical 
cortical tumor. In the three 
neoplastic polygonal cells of the tumor were some 
times two or three times the size of normal cortieal 
large hyperchromatice 
appreciable numbers of mitotic 


bovine carcinomas, 


eells and had nuclei and 
figures. 

The more anaplastic appearance of sheep corti 
eal carcinomas, as compared to those observed in 
cattle in the survey, could be 
with the observation of metastases in two of our 
animals, 
and the other a renal lymph node metastasis and 
multiple metastases in both 
interest that pulmonary 
were intermixed into many of the lung metastases. 

The ovine were all unilateral 
growths and firm, lobulated 
All except the largest tumor, an adenoma 
x 8 em.) in a lamb, were found in old ewes, This 
tumor had an unusually benign appearance for a 
large tumor in a young animal. The three earei 
nomas were 5 em. and the other adenoma was 4 em. 
in greatest diameters, 


better appreciated 
One had a renal lymph node metastasis 
lungs. It was of 
zones of adenomatosis 
cortical tumors 


were “rey, tumors. 


13 x 8 


Squamous Cell Carcinomas,-The four squamous 
cell carcinomas were large tumors in old 
Only the extensive carcinoma of the vulva (9 x 5 x 
em.) had These 
regional in the reetal lymph nodes, 


ewer, 


metastases. metastases were 


A Survey or Tumors 


671 


One of the squamous cell carcinomas of the skin 
(Sx 6x 2 em.) replaced the skin adjacent to the 
left nostril, It involve the mucosal 
junction of the nostril. The other carcinoma of 
the skin was a mass (10 x 10 x. 6 em.) around the 


extended to 


base of a horn. 

Our fourth carcinoma was a growth (6 x 5 x 
right 
Davis 


care! 


conjunctiva of the 


em.) involving the 
lower eyelid and adjacent skin, In 
and Shorten” had two 


noma of the eye of sheep to supplement earlier re 
1a, 19 


deseribed cases of 


ports of similar tumors. 


OVINE NONEPITHELIAL TUMORS 


Lymphoid Tumors.—Of the 20 lymphoid tumors, 
19 were regarded as lymphosareomas and only one 
The was a 


growth 


as a possible lymphoma. lymphoma 


large, encapsulated, cystic 
12 em.) in the anterior mediastinum of an aged 
ewe and, perhaps, should be ealled «a malignant 
tumor on the basis of its size. However, in appear 
ance, it a well differentiated lymphocy 
toma and there were no indications in our sections 


The only other 


resembled 


of mitotic activity or anaplasia. 
solitary lymphoid tumors were large subcutaneous 
growths which may have ariven in skeletal lymph 
were invading musele and 


nodes but at necropsy 


connective tissue; one (22 em., dia 
thigh and the other (12 
wall, 


The 


involved the 


om., dia the abdominal 


histological morphology of the I ovine 


lymphosarcomas made them easier to divide into 


sub-groups than the bovine lymphoid tumors, They 


were classified reticulum cell sarcomas, 
three follicular lymphomas, five lymphoblastomas, 


The follicular lympho 


as seven 


and four lymphocytomas, 
mas were the most benign appearing of the four 
groups but the distribution of several 
lymph nodes and one visceral organ in each ease 
(spleen, kidney, and lung, respectively) and the 
tendency of portions of some of the growths to 


lesions in 


appear as a diffuse lymphocytoma type of growth 
with invasive convinced us that they 
were malignant tumors. tumor in the 
survey group with within 
lymph nodes was 4 which had at 
least 15 tumefied nodes in 
different regional anatomic sites. 

As in the bovine lymphoid tumors, the 
common site of combined 
sublumbar, group of 
lymph nodes with variable extensions into adjacent 
Of the 20 cases, 12 had lesions 


tendencies 
The only 
still confined 
lymphoeytoma 
skeletal or 


lesions 
visceral 


most 
involvement was the 


renal, and internal iliae 
tissues from them. 
in this area in addition to at least one other lesion 
in some other anatomic site 

Only 2 
parable to those observed in cattle 
animal with heart 
ment of the stomach. 


of the sheep had cervical lesions eom 
There was 1 
with involve 


lesions and none 


Subcutaneous lesions, how 
ever, were more common than in cattle. Maasive, 
subcutaneous, invasive lesions, perhaps originating 
in lymph nodes, were found in 6 sheep; 2 of the 
abdomen, 2 of the shoulder, 1 of the thigh, and 1 


of the back 


4 
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There was splenic involvement in 5 animals. 
Only 1 sheep had lesions in the lung, liver, and 
kidney, 2 had multiple lesions in the lungs but 
no involvement of the kidney, and 3 had liver 


lesions with no recognizable tumors in the lungs. 

Of the 20 sheep with lymphoid tumors, 1 was 
1 year-old and of unknown sex and 19 were ewes; 
3 were 5 years old and the remainder were listed 


as old, 

Mycloid Tumors.-Myeloid tumors are not too 
uncommon in sheep and two found in this survey 
in old ewes were malignant, Neither of the tumors 
exhibited a greenish color on sections of individual 
growths, When present, this coloration is helpful 
in making a diagnosis, One of the eases was repre 
sented by a solid, greyish, irregularly shaped, in 
filtrating mass (8 x 2 x 2 em.) beneath the june 
tion of the costal and diaphragmatic pleura of one 
pleural cavity. It had produced adhesions to but 
had not invaded the parenchyma of one lung. On 
was invading the 
No tumefac 


histological section, the tumor 
mus¢eles of the ribs and diaphragm. 
tions of the bone or bone marrow could be demon 
strated, 

The other malignant had 
lesions in the liver and both cornua of the uterus. 
Growths were also present in the broad ligament, 
peritoneum, along the posterior aorta and vena 
eava, and as large masses which replaced the 
sublumber, internal iliac, and renal lymph nodes 
and one external iliae lymph node. 

Adrenal Medullary Tumors.The 
medullary tumors were remarkably 
their gross and microscopic appearance and were 
diagnosed as pheochromocytomas. Only the three 
largest were regarded as malignant on the basis of 
invasiveness described in the next 


myeloma multiple 


nine adrenal 
similar in 


their size and 
paragraph. The tumors had been fixed in chromate 
salts for special study and only a small propor 
tion of the neoplastic cells contained chromaffin 
granules, As with similar tumors, the 
tumors were more representative of growths not 
differentiated sufficiently to form large numbers 
of granules, 

These tumors were firm, greyish, lobulated, and 
thinly encapsulated and could not be differentiated 
with certainty from the adrenal cortical tumors 
on the basis of their appearance at necropsy. The 
tumors were too large to have a recognizable point 
of origin in the remnants of tumefied adrenals. 
All of the tumors were unilateral growths and were 
found in old ewes. They varied in size from 1 to 
12 em, in diameter, The two largest pheochromo 
eytomas (12 and 10 em. in their greatest diameter ) 
were found adhered to the vena cava with lobular 
protruding through the wall into the 
lumen, The third largest pheochromocytoma (7 
em., dia.) was adhered to a greatly thinned aorta 
and it too had penetrated as a protruding pedun 
culated growth into the lumen. We described 
similar adhesions and penetrations of the aorta as 


bovine 


secondary phenomena in our discussions of bovine 


adrenal tumors. 
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leiomyoma involved the 
approximate middle segment of the ileum of an 
old ram. It was an oval, encapsulated growth 
(13 x 11 x 5 em.) embedded in the outer muscula 
On section, the tumor 


Leiomyoma,—The ouls 


ture of the intestinal wall. 
firm, grey, and finely lobulated. Histologi 

interlacing neoplastic musele cells 
were quite benign in their appearance. At the 
junction of the tumor and the musele, there were 
many large blood vessels; no neoplastic cells were 


was 


cally, smooth 


seen invading this area, 

Angwid Tumors.The angioid tumors were 
represented by an angioma of the spleen, an 
angioma of the liver, and an angiosarcoma of the 
liver. The angioma of the spleen was found in a 
6- month-old male lamb and was similar in appear- 
ance to the bovine angioid tumors of the spleen. 
It was a reddish mass (13 x 11 x 5 em.) with solid 
and cystic areas and replaced much of the hilus 
and dorsal border of the spleen. 

The angioma of the liver was a solitary, eneap- 
sulated, nodular, calcified, and cystic mass (8 x 6 x 
in the ventral lobe of the liver of an old 
angio 


4 em.) 
ewe, A firm tumor, 
sarcoma (10 x 4 x 3 em.), was found in a 1l-year- 
old lamb. It was red and many small satellite 
growths adjacent to the main tumor were indi 
cutive of the invasiveness of the tumor. 


considered to be an 


Fibrosarcomas.-Both of the fibrosarcomas were 
locally invasive and one was metastatic. The meta 
static fibrosarcoma was found in an 8-month-old 
lamb and the primary tumor was a grey, lobulated, 
subcutaneous mass (15 x 10 x em,.). It 
situated in the perianal region with one of its 
borders attached to the coceygeal vertebrae. Some 
of the sacral, rectal, and sublumbar, and both of 
the internal iliae lymph nodes, were enlarged and 
contained tumor metastases. Mucinous and cystic 
areas were found in the primary tumor and its 
metastases, 

The other fibrosarcoma Nearly 
two thirds of the pericardium of an old ewe was 
replaced by a fibrous, cystic, partially ecaleified 
tumor (15 x 6 x 6 em.). The growth was invading 
and had formed ad 


Wits 


was unusual, 


adjacent mediastinal tissues 
hesions with the epicardium of the heart. 

Tumors of cartilage occur 
much more frequently in sheep than in eattle or 
swine, (We our files of 


cartilaginous tumors in swine and the only one in 


Chondrosarcomas. 


have no examples in 


cattle is a small, benign chondroma arising in the 
bronchus of a 2-year-old cow. 
three reported have 
studied five other ovine cartilaginous tumors. One 
of the five growth of the 
humerus, composed of mature-appearing neoplastic 
primary ehondrosar 


In addition to the 
chondrosarcomas here, we 


was a benign solitary 


cartilage cells; three were 


and one 
scapula 


comas of the ribs, cach with metastases; 
chondrosarcoma of the 
seen in the 


was a solitary 


which was quite similar to the one 
survey, 
The three tumors 


this survey were regarded as chondrosarcomas be 


of cartilage encountered in 


oF 
3 
4 
‘ 
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cause their anaplastic appearance and invasiveness 
of bone and bone marrow made them indistin 
guishable from the three mentioned in the pre 
ceeding paragraph which had metastasized. They 
were found in old ewes. The tumors involved the 
scapula (12 x 7 x 6 em.), the sternum, and the 
sternal ends of the first four pair of ribs (16 x 9 x 
em.) and the radio-earpal-metacarpal joint 
(15 x 14 x 10 em.). 

Lipoid Tumors.-The two tumors of neoplastic 
fat cells were a lipoma of the anterior mediasti 
num of an old ewe and a liposarcoma of the sub 
cutaneous tissue of the neck in a 4-year-old ram. 

The liposarecoma was a massive tumor (16 x 13 x 
10 em.) in the subeutis extending from the angle 
of the lower jaw to the shoulder and, grossly, 
eould be seen infiltrating through the faseia and 
between bundles of musele. Histologically, the 
tumor appeared invasive and contained immature 
lipoblasts that showed all stages of vacuolation 
and blended into small groups of embryonic mesen 
chymal cells. In contrast to the liposareoma, the 
lipoma was an oval, encapsulated growth (6 x 3 x 


2 em.) of mature fat cells in a delicate reticular 


stroma. 


Porcine Tumors 


Embryonal Nephromas.—Embryonal nephromas 
were the most frequently diagnosed porcine tumor 
in the survey, All could be established at necropsy 
as having their origin in the parenchyma of the 
kidney. Of the 13 survey animals, 2 were repre 
sented by bilateral involvement of the kidney, 
Multiple lesions were seen in only three affected 
kidneys and two of these had only two lesions. 
One of the latter was found in an animal with 
bilateral involvement. 


As observed by others, the tumors varied greatly 
in size, Single lesions were between 4 and 40 em. 
in their greatest diameter: the two largest 
weighed 43 and 38 Ib. All of the affected swine 
were estimated to be between 6 and 12 months 


Fig. 32—The rounded or 
annular folds of the mu- 
cosa of the tumefied vag- 
ina seen in an embryonal 
sarcoma of the vagina in 
a 6-month-old gilt. Ar- 
rows indicate the junc- 
tion of the growth with a 
normal - appearing vulva 
(case D 3094). 
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old, and none had metastases, Feldman’ reported 
metastases in three of his group of 46 poreine 
embryonal nephromas. Lung, liver, and lymph 
node metastases were seen in an embryonal ne 
phroma in tissues from a 3-year-old sow submitted 
to this laboratory for diagnosis. 

Embryonal Sarcoma of Vagina. The single em 
bryonal sarcoma of the vagina was a tumor covered 
by an intact stratified epithelium. The bulky folds 
of the tumefied vagina (fig. 32) were produced by 
a proliferation of primitive appearing mesenchy 
mal cells in an edematous, vascular, and fibrous 
connective tissue stroma, The tumor extended to 
involve the cervix and body of the uterus but not 
the vulva or uterine cornua, 

This tumor was found in a 6 month old gilt. An 
almost identical tumor, from a l-year-old sow, had 
been submitted in 1950 for diagnosis, 

These two tumors had some resemblance to the 
‘*grape-like’’ or ‘‘botryoid’’ sarcomas of the 
vagina of children, It is of interest that musele 
cells with cross striations are sometimes deseribed 
as being a component of the human tumors, No 
striated muscle elements were seen in the two 
porcine tumors, 


Illustrated Case 

Figure 32.-Embryonal sarcoma of the 
vagina of a 6-mounth-old gilt is shown (case 
1) 3094). 

Necropsy. -The distal tubular. portion 
of the genital tract was greatly enlarged 
On incision, the vulva appeared normal! 
but the vagina, cervix, and body of the 
uterus were continuous as a. single, en 
larged, and hyperplastic structure measur 
ing 45 em. in length and 15 em. around the 
greatest circumference of the vagina. The 
mucosa Was arranged externally as rounded 
or annular folds which often projected 2 
or 3S em. but retained some resemblance to 
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the normal linear and annular folds of the 
porcine vagina. On cross section, a papil- 
lary or polyp-like arrangement of the 
tumefied vaginal wall was evident. The 
submucosal and muscular layers were no- 
ticeably increased in thickness with a 
prominent firm, grey, and fibrous, or soft 
and mucinoid tissue replacing the nor- 
mally loose submucosal tissues. The uter- 
ine horns and ovaries appeared. normal. 
Ilyperplastic changes but no metastases 
were seen in some of the internal iliac, sub- 
lumbar, and reetal lymph nodes. 

The nine lymphoid tumors 
One was 


Lymphoid Tumors. 
were all diagnosed as lymphosarecomas. 
a follicular lymphoma, and the remainder could 
four and four 
Aas in the bovine tumors, several 


be divided into lymphoeytomas 
lymphoblastomas. 
had a cell morphology that was almost between the 
lymphoblastomas this 


mide classification into groups of doubtful value. 


and lymphocytomas and 

No solitary lymphoid growths were encountered, 
Two of the hogs had cervieal lesions. In two of 
the nine lymphosarcomas, lesions were recognized 


only in lymph nodes and tissues adjacent to lymph 


swine were among 6 which had 
extensive involvement of the combined sublumbar, 
internal iliae, and renal lymph nodes, The mas 


sive subeutaneous neoplastic infiltrations observed 


nodes, These 2 


in sheep were not seen, 

Splenie tumors were found in 5 hogs and liver, 
but no lung or kidney, growths in 6. The only 
lesion involving the lung parenchyma was a mas 
sive tumor infiltrating the pleural surfaces of the 
first four ribs in one pleural cavity and producing 
adhesions and slight invasion of the adjacent 
apieal lobe of the lung. An unusual lesion was 
a growth (10 em., dia.) that had replaced much 
of the bodies of two thoracie vertebrae. 

Kight of the 9 swine were estimated to be be 
tween 6 and 12 months old and 1 was a 3-year-old 
sow. 

Ganglioneuroma,-The single ganglioneuroma in 
a striet sense could be called a ganglioneuroblas 
toma as, histologically, there were a few nerve cells 
intermediate between neuroblasta and well-differ 
entiated ganglion cells seattered throughout the 
growth. However, the predominance of mature 
ganglion cells in a connective tissue stroma which 
contained many nonmedullated nerve fibers andl 
Schwann’s cells and lack of metastases or definite 
areas of expansive neuroblastie growth favored a 
diagnosis of ganglioneuroma, 

This fibrous, grey, irregularly lobulated tumor 
(15 x 5 x 5 em.) was found in a 10-month-old 
barrow, It was believed to have originated in the 
celine plexus or celiaco- mesenteric ganglia as it 
was firmly attached to the dorsal wall of the 
abdominal cavity and adhered to the borders of 
the liver, pancreas, spleen, and diaphragm. 

Fibroma.—The fibroma was a firm, 
lated, subeutaneous growth (3 x 3 x 2 em.) 


encapsu- 
in the 
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region of the patella. Small, cystic areas con 
taining intercellular mucin were seattered through 
out this tumor. 

Meclanomas. and only three be 
nign melanomas were diagnosed in this survey. 
They were represented by solitary, cutaneous, 
pigmented tumors of the jowl, flank, and hind leg 
months old. The 
tumors were oval, encapsulated growths and were 
Histologically, 


No malignant 


of swine estimated as 6 to 12 
3 to 5 em. in diameter. 
sulated and seattered groups of melanoblasts were 
seen in tumor. There was an associated 
melanosis of regional lymph nodes in each of the 
animals represented by a deposit of pigment in 
phagoeytie cells or intercellularly as a free pig 
No tumor cells could be detected in these 
lymph nodes, This pigmentation of regional or 
distant lymph nodes and, less frequently, of vis 
ceral organs ean be and is more commonly related 
to a benign melanosis of the skin, It can often be 
melanosis at neeropsy 
reaction is 


eneap 


each 


ment, 


accurately 
if the 
minimal, 


predicted to be 
associated tissue 

Melanosis of the skin did complicate the study 
of porcine melanomas. Undoubtedly 


were overlooked in 


some benign 
Feld 


that nonelevated, pigmented, cuta 


melanomas this survey. 
man’s concept 
neous areas can usually be considered as melanosis 
is now well difficulties in 
differential diagnosis melanomas and 
melanosis of the skin were encountered in the 
examination of pigmented, pedunelu 
A histological diagnosis of melano 


established, However, 


between 


raised, or 
ated masses. 
sis was made when encapsulated, free, or phagoey 
tized pigment but not was seen in 
these lesions. 


melanoblasts 


Only five 
melanomas are in our 
concluded that malignant melanomas are not fre 
quently encountered in hogs submitted for slaugh 
amelanotic 


examples of metastatic malignant 
laboratory files and it is 


ter. We have diagnosed no cases of 


melanomas in swine. 


DisCUSSION 


Variations in the occurrence of tumors 
at Denver abattoirs have been discussed 
An arithmetical percentage of recognized 
occurrence for each type of tumor over a 
period of one or two years is seen by com- 
paring tables 1, 2, and 3 with table 5. The 
collection of bovine eye tumors was not 
complete so a range of incidence for these 
tumors would have to be made by using 
available meat inspection records on con- 
demnations for epithelioma of the eye 
Since benign tumors of the eve would not 
be included with the epitheliomas, there 
would actually be an even higher oceur- 
rence for the bovine ocular squamous cell 
tumors. Meat inspection regulations indi 
cate that onlv malignant squamous tumors 
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of the eye should be reported as epithe- 
liomas. A subsequent article ** reviews the 
criteria by which a diagnosis of squamous 
cell carcinoma of the eve was made in 471 
of the 722 squamous cell eye tumors re 
ported in this survey. 

The economic loss associated with tumors 
in cattle, sheep and swine has recently 
been reviewed in detail by Steiner and 
Bengston.*’ It is worthwhile to emphasize 
that the loss from the ocular squamous 
cell tumors exceeds the combined totals for 
all other bovine tumors in the United 
States (table 6). The economic importance 
of the lymphoid tumors is also shown in 
this table. One wonders what percentage 
of the cattle carcasses condemned for earei- 
noma may not have had metastatic uterine 
carcinomas. The heretofore little appreci- 
ated loss from bovine uterine carcinomas 
as it relates to periods of nonproductivity 
and debilitation, as well as death or con- 
demnation in abattoirs, is worthy of seri- 
ous consideration. 

It is more the purpose of this paper to 
review the common tumors of food-pro- 
ducing animals which might be encoun- 
tered by meat inspectors, clinicians, or 
veterinarians engaged in_ institutional 
work. Pertinent observations on each type 
of tumor were included primarily tu aid in 
establishing the identity of the tumors. A 
veterinarian in general practice will proba- 
bly encounter representatives of only a 
few of these groups of tumors. 

Ocular squamous cell tumors in cattle 
are seen frequently and uncomplicated 
eases are easily diagnosed. Likewise, some 
of the lymphoid or closely related myeloid 
tumors do not present too great a problem 
in diagnosis when there is involvement of 
the skeletal lymph nodes and subcutaneous 
tissues. The lymphoid group of tumors is 
of particular interest because of their fre 
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quent occurrence and economic importance 
in cattle, sheep, and swine; no other im 
portant type of tumor is commonly seen 
in all three species. Most of the skin and 
subcutaneous neoplasms and the tumors 
found in aceessible portions of body orifices 
could be diagnosed by biopsy techniques 
or after surgical extirpation. Many ovarian 
tumors in cattle and some of the other in- 
ternal tumors can be either tentatively or 
positively diagnosed by a careful physical 
examination. 

We had expected a much higher occur 
rence of liver cell tumors, granulosa cell 
tumors of the ovary, and epithelial lung 
tumors in cattle. Granulosa cell tumors 
particularly are frequently diagnosed elini- 
cally and later confirmed histologically. 

The high occurrence of Schwann’s cell 
tumors in cattle seems to have been largely 
overlooked in past reports and surveys of 
bovine tumors. One may wonder if they 
have not occurred more frequently in the 
last two decades, If a genetie factor is 
related to an increased occurrence, as it is 
in at least some of the closely related 
Schwann’s cell tumors of man, the prob 
lem would be of immediate concern to the 
geneticist and breeder as well as to the 
veterinarian. 

In the observations made for each type 
of tumor in the survey, the difficulty of 
predicting the probability of future meta 
stases of the nonmetastatic tumors has been 
only briefly discussed. The only logical 
method of predicting a future metastasis 
is to correlate the appearance of metastatic 
tumors with the different development 
stages, variable degrees of differentiation, 
or other distinctive characteristics of the 
nonmetastatic tumor. Obviously, as a 
tumor collection becomes larger and more 
representative, the predictability of meta 
stases should also become more accurate 


TABLE 6—The Occurrence* of Tumors in Three Species of Animals Slaughtered at all Fed- 


erally Inspected 


Number of carcasses condemned 
at ante or postmortem 


Abattoirs in 1953 


Number of parte of carcasses 
condemned at postmortem 


inspection inepection 


Number of Leukemia 


animals Carei pithe 


or Sar Cares 


Species inspected noma lioma Ivmphoma coma ‘ noma homa 


Cattle 15,208,025 1,538 4.402 
Calves 6,027,444 14 2 

Sheep and 

lambe 13,623,394 51 ‘ 

Swine 57,395,484 241 


540 2.3 608 


100 15 


a4 26 


520 234 624 


* Compiled from the annual report of the Chief of the Kureau of Animal Industry, | h. Department of Agri 


culture; no condemnations 
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676 MonLux 
The experience of other investigators, 
reference cases in our files, and completed 
studies of groups of tumors, ** ** did influ- 
ence us appreciably in making a diagnosis 
of malignancy in individual cases. The 
same is true for benign tumors. If a tumor 
was similar in appearance to a large group 
which seldom or never metastasized, there 
would be a basis to regard it as a benign 
growth. 

Types of tumors which consistently com- 
press or invade vital organs, or structures, 
or interfere with funetion, but seldom 
metastasize, involve a different considera- 
tion in respect to malignancy in a clinical 
prognosis and also in meat inspection than 
do tumors with widespread metastases. In 
addition, size, local invasiveness, rate of 
growth, and degenerative changes within 
the tumor can not be completely ignored 
in a diagnosis of malignaney. There would 
seem to be value in designating malignant 
tumors as (1) metastatic, (2) apt to metas- 
tasize, (3) locally malignant, and (4) both 
apt to metastasize and locally malignant. 

While many types of tumors predomi- 
nantly occur in older animals, several 


groups may appear spontaneously at any 


age. There should be a general awareness 
of the groups of tumors which should not 
be regarded as oddities when they appear 
in young animals. The survey would indi- 
cate that granulosa cell tumors of the 
ovary. eystadenomas of the gallbladder, 
lymphoid tumors, and angioid tumors were 
the tumors encountered most frequently in 
the yvounger cattle. Liver cell tumors in 
sheep, and lymphoid tumors and embryonal 
nephromas in swine also seemed to occur 
more often in younger animals than other 
types of tumors. Malignant melanomas in 
swine, as previously mentioned, appear 
most frequently before they reach market 
age. These statements should not be mis 
construed to indicate that these tumors 
occur more frequently in vounger animals 
as there are many more animals slaughtered 
in the younger age group. Cancer is. 
dominantly a disease of the older animal. 

The searcity of epithelial tumors in 
swine is emphasized by our failure to ob- 
serve a single case in the two-year survey 
(table 3). Feldman '* observed only three 
earcinomas in 76 poreine tumors; they 
were primary carcinomas of the mammary 
gland, liver, and skin. Davis, Leeper, and 
Shelton* reported a carcinoma of the 
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adrenal gland among 26 tumors and Jack- 
son’’ described a multiple papilloma of 
the glottis and two adenomas of the liver. 

In the files of this Denver laboratory, 
there are tissues from seven epithelial por- 
cine tumors. These include two adenocarci- 
nomas of the pancreas with metastases, one 
adenocarcinoma of the kidney with metas- 
tases, and an adenoma of the colon. The 
other three were squamous cell carci- 
nomas; one was 4 primary carcinoma of 
the skin, and two were incomplete cases. A 
metastatic lesion of the rib was the only 
tissue in one of these two cases and multi- 
ple metastases in the liver represented the 
submitted lesions in the other. 

The importance of conducting surveys 
on the occurrence of tumors in slaughtered 
food-producing animals over one or more 
complete calendar years has been indi- 
cated. We believe that in the two years of 
the survey, examples of all important 
types of tumors which might be found in 
animals slaughtered in Denver abattoirs 
were collected. 

SumMMARY 


In a 2-year survey of tumors occurring 
in cattle, sheep, and swine, submitted for 
slaughter at Denver’s federally inspected 
abattoirs, 1,002 tumors were collected; 908 
bovine, 66 ovine, and 28 porcine tumors. 

Of the 908 bovine tumors, 722 were 
squamous cell neoplasms of the eye and 
were found in 532 cattle during the first 
vear of the survey. The collection of eye 
tumors was limited to those found in se- 
lected abattoirs during one vear; their fre- 
quent occurrence made them the most 
important neoplasm encountered in cattle. 
A diagnosis of squamous cell carcinoma 
was made in 471 of the 722 eve tumors. 

The comparative frequent occurrence of 
adenocarcinomas of the uterus and lympho- 
sarcomas in eattle in this survey” and 
their predictable early fatal termination 
made them both economically important. 
Schwann’s cell and adrenal cortical tumors 
were common bovine tumors with a rela- 
tively benign behavior. Liver cell tumors, 
granulosa cell tumors of the ovary, and 
epithelial lung tumors of cattle were not 
found as frequently as had been antici- 
pated, 

Neoplastic diseases in slaughtered sheep 
and swine are much less important than in 
cattle. Epithelial tumors were equal in 
occurrence to the nonepithelial tumors in 
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sheep but were not found in swine in the 
survey. Lymphosarcomas would appear to 
be the tumor of the greatest economic im- 
portance in both sheep and swine. Em- 


bryonal nephromas were the most common 
tumor diagnosed in swine. 
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Some Effects of Chlorpromazine Hydrochloride in Horses 


JOHN E. MARTIN, V.M.D., and JOHN D. BECK, V.M.D. 


Philadelphia, Pennsylvania 


CHLORPROMAZINE hydrochloride, a rela- 
tively new drug, is being widely employed 
in human medicine for numerous clinical 
conditions. Therefore, it seemed desirable 
to conduct certain studies of its effeet on 
animals. The report presented here is based 
upon preliminary experiments on horses 
for the purpose of determining a suitable 
dose range for chlorpromazine and observ 
ing its effect on behavior and certain fune- 
tions in this animal. 

Chlorpromazine hydrochloride, known in the 

thorazine ® and in Europe as 


United States as 
largactil,® is 
rophenothiazine hydrochloride. 
closely related to phenothiazine and to the anti 
histaminie phenargan.® However, it possesses lit 
tle parasiticidal or antihistamine action. 
Chlorpromazine may be elassed us a central nervy 
ous system depressant and experiments by Cour 
voisier ¢t al.’ have shown that it produces a sig 
nificant depression of motor activity. The same 
workers reported that it enhaneed the activity of 
a number of analgesie drugs and drugs depressing 
the eentral nervous system and indicated that it 
exhibited antiemetic, antipyretie, gangliolytie, and 
adrenolytie properties. One of the most pronounced 
effeets of the drug is its antiemetie action. Experi 
shown that it will effeetively block 
dogs by morphine and 


Chemically, it is 


ments have 
produced in 
Doses larger than those needed to 


the emesis 
apomorphine, 
inhibit emesis in dogs are reported to produce 
depression and ataxia lasting for 24 to 48 hours. 
In studies on anesthetized dogs, Moyer et al.” found 
that intravenous doses of 10.0 mg. per kilogram of 
body fall of blood 
a tachyeardia and, in some eases, a decreased ear 
diae output. Some of the dogs exhibited a moder 


with an 


weight resulted in a pressure, 


ate diuresis associated increased exere 
tion of sodium. 

There 
chlorpromazine can control 


in man, and it has been suceessfully employed in 


that 
psychomotor activity 


appears to be general agreement 


the treatment of various neuropsychiatrie dis 


orders.’’° Some other uses are to potentiate the 
action of analgesics and sedatives ard to control 


vomiting im patients with malignancies.” * 


Pharmacol 
and the Department of Medicine (Beck), 
of Pennsyl- 


From the Department of Physiology and 
ogy (Martin) 
School of Veterinary Medicine, 


vania, Philadelphia. 


University 
This work was part, by a grant from 
Smith, Kline and French Laboratories, Philadelphia, Pa. 
name of Smith, Kline and 
for chlorpromazine hydrochloride 


supported, in 


Thorazine is the registered 


French 


METHODS 


A total of 65 experiments were carried out on 


6 horses. The animals used were as follows: 


Horse 
(No.) 4 sex 


Gelding 
Mare 
Mars 
Mare 
Gelding 
Gelding 


All animals were in good physical condition dur 
ing the six-month observation. 

The experiments performed may be grouped as 
follows: 
one control ex 
During 
these trials, the horses were confined in slip stalls 
and made on heart and 
breathing rate at 15 intervals for four 
hours. Thoracie and abdominal breathing patterns 
were recorded on a smoked-paper kymograph by 
means of a tambour connected to pneumographs 
placed at the sixth and seventeenth ribs. Body tem 
perature was recorded at the beginning and at the 
end of each experiment, One horse had previously 
been prepared with an exteriorized earotid artery, 
and blood pressure 
15-minute intervals on this animal, using a blood 
pressure cuff placed about the artery. 

Effect of Chlorpromazine Hydrochloride on Heart 
Rate, Breathing Rate, and Pattern, Blood Pressure, 
Body Temperature, and Behavior.—A total of 28 
trials were carried out on 6 horses confined to slip 


Control Exrperiments.-At least 


periment was carried out on each animal. 
rate 


observations were 


ininute 


determinations were made at 


stalls. Reeordings were made on the various fune 
tions as deseribed for the control experiments, and 
the animals were carefully observed for signs of ex 
A 30-minute eontrol period 
hydro 
chloride, which was given intramuseularly in doses 
ranging from 0.5 to 4.0 mg. per kilogram of body 
weight. During the postadministration period, ob 


citement or depression, 


preceded the injection of chlorpromazine 


made every ten minutes for 
hour, every 20 minutes for the next hour, 
every 30 minutes thereafter. The total 
ministration period lasted from four to six hours. 

Effect of Chlorpromazine Hydrochlorid: 
bined with Meperidine Hydrochloride (Demerol ®* ), 

‘This group of experiments was conducted in the 
same manner as those in which only chlorproma 
zine given. In six trials, meperidine 
hydrochloride was given in doses of 1,000.0 mg., 


servations were one 
and 


postad 


Com 


was only 


* Meperidine employed in these studies was 
by Winthrop-Stearns Co.. New York, N. ¥ 
the registered name of Winthrop Stearns for 
hydrochloride 


supplied 
Demerol is 
meperidine 
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intramuscularly. In 12 trials, meperidine hydro 
chloride was given in a dose of either 500.0 or 
750.0 mg. and chlorpromazine hydrochloride was 
injected simultaneously in a dose of 1.5 or 2.0 mg. 
per kilogram of body wieght. 

Effect of Chlorpromazine Hydrochloride on Spon- 
taneous Motor Activity in the Horse._-Ten experi 
ments were performed on 5 horses in which spon 
taneous motor activity was measured by means of 


a pedometer strapped to the left foreleg so as 
to reeord movement. The horses were confined in 
box stalls for a 48-hour period. The first 24 hours 
acted as a control period and, at the end of this 
time, a reading was made from the pedometer 
and chlorpromazine hydrochloride was injeeted. 


At the end of 48 hours, a second reading was 


made and the activity for the two 24-hour perious 
was compared. 

Effect of Chlorpromazine Hydrochloride on the 
Blood Picture._- Four experiments were performed 
on 4 horses which received repeated daily injec 
tions of chlorpromazine. A blood sample was 
taken immediately prior to the first injection of 
the drug and daily for varying periods following 
the last injection. One horse received a daily in 
jection of 1.0 mg. per kilogram of body weight 
for five days and 3 other animals were given 2.0 
mg. per kilogram daily for three days. 

In addition to the experimental trials, chlor 
promazine hydrochloride was also emploved in 6 


* Pedometer obtained from New Haven Clock and 
Watch Co., New Haven, Conn. This instrament was cali 
brated so as to measure movement in miles and quarter 
miles. 


horses which were present as clinical cases in the 
Veterinary Hospital, University of Pennsylvania. 

In all instances, chlorpromazine hydrochloride 
was injected intramuscularly. The solution for in 
jection was prepared by dissolving the powdered 
drug in sterile physiological saline solution. In 
general, a 5 per cent solution was employed 

Meperidine hydrochloride was used in a solution 
containing 50 mg. per cubic centimeter and was 
administered intramuscularly. 


The effeets of chlorpromazine hydrochlo- 
ride are as follows: 

Heart Rate.—There was considerable va 
riation in the effect of chlorpromazine on 
the heart rate of individual horses (table 
1). Following a dose of 2.5 mg. per kilo 
gram body weight, the heart rate increased 
in five of six trials and the average rate 
was increased starting at 20 minutes after 
injection of the drug and lasting for at 
least four hours. With lower doses, par 
ticularly with a dose of 1.5 mg. per ki! 
gram, individual animals showed either an 
increased or decreased rate and, when com 
pared to control experiments, the average 
rate was not greatly changed. 

Breathing Rate and Pattern.—The effect 
of chlorpromazine on the breathing rate 
and pattern was more consistent than its 
action on heart rate (table 1 and graph 1) 
In 26 of 28 trials, the breathing rate was 


TABLE 1—Effect of Chlorpromazine Hydrochloride on Heart Rate and Breathing Rate of 
6 Horses 


Dose No 
(mg./kg.) trials 


None 


Average change, minutes after chlorpromazine 


120 180 
Heart Rate 
+ 1 


* Average change in rate per minute compared to control rate before administration of chlorpromazine 


Figures in parentheses indicate range. 


Re 
3 
20 60 240 
6 0 0 0 
(—1 3) ( 1 + 4) ( 1 + 9) ( 2 
1.0 +2 2 +1 
(—3 + 4) + 4) + 8) ( 3 + 1) ! 
1.5 6 0 0 4 4 
+ 5) 11 +23) 10) (—-13 + 2) 2) 
2.0 6 +1 $5 +2 +3 +1 
5 + 5) ( l @) 6 + 6) ( 6 + 7) ( 2 + 
2.5 6 5 +10 9 +5 
«+o 4 22 (— 3 +20) ( +19) a) 
BREATHING Rare 
None 6 +1 +3 
4 5 6 5 i 
(—1 7) 2 7 ( 2 7) 2 
(+3 17) 17 6 $3) “ 
2.5 6 4 = i 11 
(42 (4. 12) ( 2 31) (4+ 3 32) (+ 3 
=) 
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TABLE 2—Effect of Chlorpromazine Hydrochloride on Blood Pressure of 1 Horse 


Change in pressure 


60 


(mg./kg.) 


None 
1.0 
°° 5 
2 5 aed 10 


* Change in millimeters of Hg 
values before administration of chlorpromazine ; 


slowed starting within 20 minutes after 
injecting the drug. Although there were 
individual differences in the degree of 
slowing, this effect of chlorpromazine ap- 
peared with doses as low as 0.5 mg. per 
kilogram. In some instances, a slower rate 
was still present 24 hours later. In con- 
trol experiments, the rate either increased 
or decreased slightly. 

All horses showed an irregular or cye- 
lic type of breathing pattern prior to the 
administration of chlorpromazine. This 
was evident in recordings from both the 
thoracic and abdominal pneumographs. 
Within approximately 20 minutes after 
injection of the drug, breathing became 
more regular and deeper. These effects 
were produced by «doses of 1.0 mg. per 
kilogram of body weight and larger, and 
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pressure as compared to control 


usually persisted for at least four hours. 
In control experiments, the irregular or 
cyclic type of breathing was present dur- 
ing the entire observation. 

Blood Pressure. — Six trials were con- 
ducted on 1 horse to observe the effect of 
chlorpromazine hydrochloride on blood 
pressure (table 2). This animal had pre 
viously been prepared with an exteriorized 
carotid artery. While a dose of 0.5 mg. 
per kilogram of body weight resulted in 
some fall in systolic pressure, consistent 
effects were not observed until doses of 
2.0 or 2.5 mg. per kilogram were given. 
With the largest dose, a decrease in both 
systolic and diastolic pressure occurred 
within 20 minutes and was still present 
four hours later. From these few experi- 
ments, it would appear that sufficient 


Graph 1—The effect of chlorpromazine hydrochloride on the breathing rate and pattern in 
the horse. 
A—The record obtained before administration of the drug. Note the irregular, cyclic type 
of breathing. 
B—The record obtained 30 minutes after administration of 2.0 mg. per kilogram of chlor- 


promazine hydrochloride. 


Notice the more regular type of breathing and the slower rate. 


In both records, the upper tracing is from a pneumograph at the seventeenth rib and the lower 
tracing from a pneumograph at the sixth rib. 
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doses of chlorpromazine will result in a 
moderate degree of hypotension in the 
horse. However, since all of the trials 


were made on a single animal, further 


TABLE 3—Effect of Chlorpromazine on Sponta- 
neous Motor Activity as Indicated by a Pedometer 


Anima! Before drug * After drug * 


Gelding 1 5.05 


1 


v.10 


Gelding 6 2.7 
miles 


intra 


measured in 


kg.) 


Activity during a 24-hour period 
All animals received chlorpromazine 
muscularly 


(2.0 meg 


work on other horses is necessary to verify 
this finding. 

Body Temperature.—-In all experiments, 
the rectal temperature decreased within the 
first hour after administering chlorproma- 
zine and remained lower than the control 
value for at least four hours. In most in 
stances the fall was less than 1.0 F., but 
in two trials a 2.5 mg. per kilo 
gram of body weight resulted in decreases 
of 2.2 and 3.0 F., respectively. 

Spontaneous Motor Activity. In the 
ten trials in which spontaneous activity 
was measured by means of a pedometer, 
chlorpromazine hydrochloride was admin 
istered in a dose of 2.0 mg. per kilogram 
of body weight. In six trials, there was a 
decrease in activity during the 24-hour 
period following the drug while in the 
other four trials activity increased (table 
3 In instances in which the ae- 
tivity increased following the drug, the 
change of greater magnitude than 
when it decreased. 


dose of 
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Blood Picture.—I\n the four trials in 
which chlorpromazine was given by re- 
peated daily injections over a three- or five- 
day period, there was a decrease in the num- 
ber of red blood cells and a fall in hemo- 
globin concentration (table 4). In horse 
No. 4 it was found that the red blood 
cell count and hemoglobin concentration 
did not return to control levels until 13 
days after the last injection of the drug. 
Neither the total number of circulating 
white blood cells nor the differential count 
showed any consistent changes in these 
trials, 

Behavior.—Observations on behavior 
were made on horses confined in slip stalls. 
The animals had been trained previously 
to stand quietly in the stalls while an ex- 
periment was in progress. With doses of 
0.5 mg. per kilogram of body weight the 
horse remained quiet but showed no signs 
of depression. 1.0, 1.5, and 2.0 
mg. per kilogram produced depression in 
some animals but not consistently. In five 


Doses of 


of the 15 trials in which these doses were 
employed, there was some evidence of rest 


lessness or excitement. With doses of 2.5, 
3.0, or 4.0 mg. per kilogram, signs of de 
pression always appeared. These were usu 
ally evident within the first hour after 
injection of chlorpromazine and, in some, 
they appeared in as short a time as 20 min 
utes. The degree of depression tended to 
increase during the first and second hour 
after administration of the drug and the 
animals remained depressed for periods up 
to six hours and, in a few cases, were still 
in a depressed state 24 or 48 hours later 
In general, horses depressed with chlor 
promazine appeared as follows: the neck 
was extended and the head hung in a po 
sition to the floor. The eyes were 
partly closed and the animal assumed a 
dull, sleepy appearance. It had a tend 
ency to spread the hindlegs widely and 
the front legs stiffly. While in this posi 
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tion the animal often leaned back against 
the rear wall of the stall and at times ap- 
peared on the verge of going down. In 
most instances, there was definite evidence 
of ataxia; in making slight movements 
about the stall the front legs were often 
crossed and the horse would stagger. The 
anus was relaxed and in geldings the 
penis was relaxed and protruding. De- 
spite the appearance of marked depres- 
sion, the horses could be easily roused by 
noises or, at irregular intervals, would 
show some spontaneous recovery. When 
this occurred, the animal became restless 
for a short period and would paw or move 
about the stall. Following these short 
periods of restlessness, depression would 
again appear. In two instances, horses 
went down for short periods. They did 
not struggle while down and regained 
their feet without assistance. 
Miscellaneous Observations, — Doses of 
chlorpromazine ranging from 0.5 to 4.0 
mg. per kilogram of body weight, had no 
apparent effect on appetite in horses. 
Those receiving daily doses for three or 
five days consumed the usual amount of 
food and showed no change in the charac- 
ter or frequency of bowel movements. 
After injection of the drug, most horses 
had a slight watery discharge from the nos- 
trils and eyes and passed flatus frequently. 
Chlorpromazine was usually injected ina 
5 per cent solution and, generally, no more 
than 10 ml. in any particular site. A slight, 
localized swelling usually occurred about 
the site of injection, but subsided within 
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24 to 48 hours. In one instance, a 10 per 
cent solution was injected but this pro- 
duced a large swelling and its use was 
discontinued, 

The effects of chlorpromazine and me- 
peridine are as follows: 

Meperidine hydrochloride alone was em- 
ployed in six trials on 5 horses (table 5). 
In all cases, an intramuscular dose of 
1,000 mg. was used. This dose produced 
either a slowing or an increase in the heart 
rate and breathing rate of individual 
horses, but the average rates ,were not 
greatly changed from the control values. 

In four trials, chlorpromazine hydro- 
chloride was used in a dose of 1.5 mg. 
per kilogram of body weight combined 
with 500 mg. of meperidine hydrochloride. 
Following this combination, the heart rate 
either increased or decreased but the aver- 
age rate for all trials showed little change. 
The breathing rate was consistently slowed 
beginning 20 minutes after injection of the 
drugs and lasting for at least four hours. 
The degree of slowing was approximately 
equivalent to that seen when chlorproma- 
zine was administered alone in a dose of 
1.5 mg. per kilogram. The breathing pat- 
tern became more regular and deeper. 
Body temperature was lowered in all cases. 
In three trials, the decrease was less than 
1.0 F., but 1 animal showed a fall of 1.4 F. 
three hours after injection of the drugs. 
In the one trial in which blood pressure 
was recorded, both systolic and diastolic 
pressures showed some decrease. The maxi- 
mum fall for systolic pressure was 15 mm. 


TABLE 5—Effect of Chlorpromazine and Meperidine on Heart Rate and Breathing Rate 
of 5 Horses 
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Hg. and for diastolic 5 mm. Hg. Horses 
receiving this combination of chlorproma- 
zine and meperidine showed slight depres- 
sion, as previously described when chlor- 
promazine was used alone. 

In four other experiments, chlorproma- 
zine hydrochloride was given in a dose of 
1.5 mg. per kilogram of body weight com 
bined with 750 mg. of meperidine hydro- 
chloride. With this combination of drugs, 
the average heart rate showed little change 
but individual horses exhibited a variable 
response, some showing an increased rate 
and others a decrease. The breathing rate 
was decreased in all trials and the breath- 
ing pattern became deeper and more regu- 
lar. The other changes were similar to 
those previously described for this dose of 
chlorpromazine and the smaller dose of 
meperidine. However, a greater degree of 
depression was observed. The animals ap 
peared similar to those receiving a dose of 
2.5 mg. per kilogram of chlorpromazine 
except there were periods in which rest 
lessness was more pronounced. One horse 
went down for a short time three hours 
after injection of the drugs. 

In four experiments, chlorpromazine hy- 
drochloride was given in a dose of 2.0 mg. 
per kilogram of body weight and meperi- 
dine hydrochloride was given simultane 
ously in a dose of 500 mg. This combina- 
tion produced changes in the heart rate 
and body temperature similar to those de- 
scribed for other combinations of the two 
drugs, but the breathing rate, while af- 
fected less, was slowed in every case. The 
degree of depression was comparable to 
that observed when a dose of 2.5 mg. 
per kilogram of chlorpromazine alone was 
given. In one experiment, the horse went 
down briefly approximately two and a 
half hours after administration of the 
drugs. 

The clinical observations were as follows: 

Several opportunities arose to employ 
chlorpromazine hydrochloride in horses 
suffering from certain diseases. The ob- 
ject of using the drug in these cases was 
not necessarily that of evaluating its ther- 
apeutic properties, but rather to observe 
its effects on behavior of horses under 
clinical conditions. 

Case 1—A Thoroughbred yearling, di 
agnosed as a ‘‘wobbler’’ (equine ataxia), 
was given chlorpromazine in a dose of 2.0 
mg. per kilogram of body weight. Within 
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30 minutes, definite signs of depression 
appeared. Whereas the animal had previ- 
ously been difficult to approach and catch 
in a box stall, this was now easily accom 
plished. Eighty minutes after injectien 
with chlorpromazine the horse went down 
and did not get up for approximately 
twelve hours. During this time the animal 
remained quiet and was able to roll up on 
its sternum and eat small amounts of hay 
Signs of depression continued for 24 hours. 
There was no apparent improvement of the 
clinical condition, 

Case 2.—This 4-year-old Thoroughbred 
had a fistulous tract which opened be 
tween the mandibles. It was decided to 
inject the tract with a radiopaque mate 
rial in order to trace its course by means 
of radiographs. 

Chlorpromazine (2.0 mg./kg. of body 
weight), administered in an attempt to 
produce sedation, had little effect 

Case 3.—A 500-kg. horse with a severe 
chronic lameness and unable to bear weight 
on the left 
chlorpromazine hydrochloride (2.5 mg./kg 
of body weight). This dose produced signs 
of depression and ataxia and the animal 
was observed to place some weight on the 
leg as it moved about in a box stall 

Case 4.—This Thoroughbred gelding, pre 
sented at the Veterinary Hospital for x-ray 
therapy, became excited when placed in 
stocks and sedation was necessary before 
treatment could be started. Chlorproma 
zine hydrochloride, in a dose of 2.0 mg 
per kilogram, combined with 500 mg. of 
meperidine hydrochloride did not produce 
any apparent depression and was of no aid 
in the management of this animal. 

Case 5.—A 950-1b. Tennessee Walking 
horse, showing lameness in the left foreleg, 
was given chlorpromazine hydrochloride 
(2.5 mg./kg. of body weight) combined 
with 750 mg. of meperidine hydrochloride. 
Within 30 minutes definite signs of de 
pression appeared, and within 45 minutes 
ataxia was evident. The animal swayed 
from side to side and, on walking, would 
stumble. Signs of depression were still 
present three hours later when observa- 
tions were discontinued, No attempt was 
made to evaluate the drugs’ effect on the 
lameness. 


Case 6.—This Thoroughbred mare, with 
her first foal, had allowed the foal to 
nurse until the third day when she ob- 


foreleg was given a dose of 
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jected rather violently and would not al- 
low the foal near her. For the next three 
days, it was necessary to place a twitch 
on the mare before the foal could) nurse. 
On the sixth day after foaling, a dose of 
1.0 mg. per kilogram of chlorpromazine 
hydrochloride was administered. Six hours 
later, the mare allowed the foal to nurse and 
thereafter showed a normal brood mare- 
type of behavior toward her offspring. 


DISCUSSION 


When chlorpromazine hydrochloride is 
viven to horses, it appears to produce many 
of the same changes observed in dogs and 
other smaller laboratory animals. These 
include some degree of tachyeardia, a mod- 
erate lowering of blood and a 
slight fall in body temperature. One of 
the most consistent and marked effects in 
horses is the production of a slower, more 
regular, and deeper breathing pattern. 
This effect appears with doses lower than 
those necessary to produce other changes. 

Some effects become evident within 20 
to 3O minutes after intramuscular injec 
tion, indicating that the drug is rapidly 
absorbed, In general, maximum effects are 
observed during the first and second hour 
after injection and are still present at least 
four to six hours later. The fact that signs 
of depression and other changes may still 
be present as long as 24 to 48 hours after 
a single injection of larger doses of chlor- 
promazine (2.5 to 4.0 mg./ kg.) probably 
indicates that the drug is slowly 
lized or eliminated in the horse. 

One of the primary objectives of this 
study was to observe the effeets of chlor- 
promazine on the behavior of horses. Ex- 
perimental work with laboratory animals 
and clinical experience in man have shown 
that the drug exerts a sedative effect. In 
horses, doses of 2.5 to 4.0 mg. per kilo 
gram were found to produce signs of a 
moderate to marked depression, A par 
ticular feature of this action is that the 
animals can be aroused easily from a 
state of deep depression. Even though 
horses frequently showed signs of ataxia 
and occasionally went down, they did not 
struggle while down and were able to re- 
gain their feet quickly. These effects are 
similar to those observed in man, where 
Winkleman‘ has reported that, although 
the drug may produce sleep, the patients 
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are easily aroused and on awakening are 
responsive and coherent. 


In interpreting the effects of chlorpro- 
mazine on behavior in must be 
remembered that only gentle, quiet ani- 
mals were employed in these studies and 
that they were confined to stalls during 
experiments. Whether chlorpromazine will 
significantly depress horses under clinical 
conditions is not known. In the few elini- 
cal trials in which the drug was given to 
excitable horses, the results were not en- 
couraging; larger doses may be necessary 
to depress restless or excitable animals. In 
several of the clinical cases, the dose em- 
ployed was 2.0 mg. per kilogram and, on 
the basis of the experimental trials, it 
seems that doses of 2.5 mg. per kilogram 
or higher are needed to consistently de- 
press horses. The pedometer experiments 
indicated that a dose of 2.0 mg. per kilo- 
gram is not sufficient to depress spontane 
ous motor activity in horses. 

Chlorpromazine is reported to enhance 
the activity of a number of analgesic 
drugs and of drugs that depress the cen- 
tral nervous system. In man, the effective 
dosage of sedatives and analgesics may be 
reduced by as much as one half when they 
are used in combination with chlorproma 
zine. Archer’ has reported that meperi- 
dine hydrochloride in doses of 1,000 mg. 
intramuscularly exerts a sedative effect on 
horses with colic. In this study, a similar 
dose failed to produce any observable 
effect. This difference may be explained 
by the fact that the drug’s sedative effect 
on horses with colie is probably related to 
its analgesic action in relieving pain and 
not to a general depressant action on the 
central nervous system. In the trials re- 
ported here, the horses were not subjected 
to pain and were not excited. 

Hlowever, it is of interest that when rel- 
atively small doses of the two drugs were 
used in combination, signs of a moderate 
to marked depression appeared. The de 
gree of depression was comparable to that 
seen when larger doses of chlorpromazine 
were used alone. Thus, it would appear 
that the drugs in some manner comple- 
ment one another in their effect on horses. 
In one clinical trial, the combined drugs 
produced depression, but more work is 
needed to determine whether the combi 
nation might be of value in quieting excit 
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able horses and, particularly, to establish 
the proper dose of each necessary for Op- 
timal effects. 

No attempt was made to study the side 
effects or toxie actions of chlorpromazine. 
In man, agranulocytosis, dermatitis, jaun- 
dice, and the occurrence of parkinsonism 
have been observed in a small percentage 
of patients treated.” None of these effects 
was observed in horses, but repeated daily 
doses of the drug resulted in a decrease in 
circulating red blood cells and a fall in 
hemoglobin concentration. In trial, 
this effect persisted for two weeks after the 
last injection of the drug. 

Since chlorpromazine and phenothiazine 
are closely related chemically, it is inter 
esting to speculate on the possibility of 
this effect being related to the hemolytic 
anemia sometimes horses treated 
with that anthelmintic. In any event, 
further work is indicated to determine 
Whether this is a consistent oeeurrence in 
receiving chlorpromazine hydro 


one 
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horses 
chloride. 

The need for improved sedative drugs 
for horses is well recognized by veterina 
rians. Sedatives which would consistently 
depress horses but which would allow the 
animals to remain in a standing position 
would be especially useful in a number of 
situations. These include the shipment of 
excitable horses and the restraint of ani- 
mals during such procedures as making 
radiographs, performing dental work, and 
in minor surgical procedures. Under cer 
tain conditions, such drugs would also be 
of value as preanesthetic agents prior to 
general surgery. 

The use of meperidine hydrochloride as 
a sedative in colic has been mentioned but 
some ¢linicians report that it will not con 
sistently produce Raker * 
found that, occasionally, a dose of 1,000 
mg. may actually cause some animals to 
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become more restless. 
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The results of experimental 
chlorpromazine hydrochloride 
here can be transferred directly to 
clinical situations. It consistently produced 
depression when given in a sufficient dose, 
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but this does not mean that similar doses 
will result in a desirable type of sedation 
under clinical conditions. However, eriti- 
cal clinical studies on the drug as a seda- 
tive for horses are indicated. The anemia 
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produced by chlorpromazine in the experi 
mental studies reported here may act as a 
serious objection to the use of the drug in 
horses and, in any clinical trial, this effect 
should be studied carefully. 

The experience in using chlorpromazine 


on the mare which refused to nurse her 
foal suggests other possible uses of the 
drug in veterinary medicine. Little is 
known about the possibility of neuropsy 
chiatric disorders in animals but the ab 
normal behavior of this animal might be 
explained on this basis. Winkleman * has 
proposed that chlorpromazine may act in 
han by altering the conscious pereeption 
of, and pattern of reaction to, personal 
ity-disturbing stimuli. Much work 
is needed before one may hope to reach 
any logical conclusions regarding the pos 
sible modes of action of chlorpromazine 
but the use of it, and other such drugs, 
may eventually provide answers to some 
of the complex problems of abnormal be 
havior in animals. 


more 


SUMMARY 


In a preliminary study on the pharma 
cologieal activity of chlorpromazine hydro 
chloride in horses, intramuscular doses of 
2.0 to 4.0 mg. per kilogram of body weight 
were found to produce a slight tachycardia 
and hypotension, a slower, more regular, 
and deeper breathing pattern, and a slight 
fall in body temperature 

In horses confined under quiet 
tions in slip stalls, doses of 2.5 mg. per 
kilogram or larger, resulted in signs of 
moderate to marked depression which 
started within hour after injection 
and lasted for at least six hours 
instances, the horses were still depressed 
24 to 48 hours later 

Chlorpromazine hydrochloride 
2.0 mg./kg.) when combined with meperi 
dine hydrochloride (750.0 or 500.0 
produced a degree of depression compar 
able to that with larger 
chlorpromazine when given alone 

Repeated doses of chlorpromazine hydro 
chloride for three days (2.0 my./ky. daily 
or five days (1.0 mg./kg. daily) resulted 
in a fall in the number of circulating red 
blood cells and hemoglobin concentration 
This effect may last for as long as two 
weeks. 

The use of chlorpromazine hydrochloride 
in several clinical cases is deseribed and the 
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possibilities for its use as a therapeutic 
agent are discussed briefly. 
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THE SULFONAMIDES are of great use in 
veterinary medicine because they are 
effective following oral administration. 
Their bacteriostatic effect is well known 
and is not discussed in this paper. Prae- 
tice, however. has shown that excessive 
treatment with sulfonamides may seriously 
affect domestic animals and cause de- 
creased efficiency and in some cases even 
death. For this reason, investigations have 
been carried out on the toxie activity of 
sulfanilamide. 


REVIEW OF THE LITERATURE 


From earlier publications,’ it is known that 
sulfanilamide has markedly different toxie effects 
on cows, dogs, and horses. Therapeutic doses of 
sulfanilamide often cause cows in periods of high 
milk production to become apathetic and de 
pressed, resulting in deereased milk production; 
these symptoms are frequently accompanied by 
acetonemia. In experiments with healthy dogs, 
however, it has been observed that corresponding 
doses of sulfanilamide do not result in any toxie 
signs, even if the drug were given continually for 
as long as six months. Horses react in various 
ways, some showing allergie signs after a few 
doses, while others are not affeeted until after 20 
or 30 days of continued treatment. Our present 
experiments are devoted to the effect of sulfanila 
mide on the phosphorus metabolism of horses 


Mernop 


To investigate whether the phosphorus metabo 
lism was affected to any degree by sulfanilamide, 
a single dose was given to horses; then, chemical 
analyses of different phosphorous fractions in the 
blood were made. 

In order to determine whether clinical signs of 
intoxication are followed by any systemic effect 
on the metabolism, chemical analyses were made 
of different phosphorous fractions and of alkaline 
phosphatase in the blood, and of phosphorus elim 
ination in the urine during continued treatment 
of 7 horses. The time when clinical signs appeared 
was recorded, 

The toxie effect of sulfanilamide, in experi 
ments with laboratory animals, has been counter 
acted by para-aminobenzoie acid (Paba).’’* There 
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fore, it was sought to determine whether Paba 
might also counteract the effeet of sulfanilamide 
on the analysed phosphorous fractions in horses 

The phosphorus analyses in the blood were made 
aceording to Fiske-Subbarrow*’ and in the urine 
aceording to Briggs.” The phosphatase analyses 
were made according to Bodansky.” Hematoerit 
values were registered after centrifugation for ten 
minutes at 2,000 r.p.m, 

The research animals used were ordinary horses, 
4 to 8S years old, and free from any elinical signs 
of disease. Their feeding schedules and diet were 
uniform and, except for 1, they were stabled dur 
ing the experiments, 


EXPERIMENT 1, SINGLE Dose TREATMENT 


In seven experiments with horses, 0.25 Gm. of 
sulfanilamide per kilogram of body weight was 
given as a single oral dose. Analyses of inorganic 
phosphorous fractions in heparinized whole blood, 
plasma, and corpuscles were made. The blood 
samples were taken before the administration of 
the drug and three and seven hours after treat 
ment (table la). 


RESULTS 


As the blood samples were collected at 
different times of the day, some investi 
gations were made on untreated horses to 
determine if variations might depend upon 
normal rhythmic metabolic changes. How 
ever, statistically significant changes did 
not occur (table 1b). After the adminis 
tration of sulfanilamide to horses, there 
was a Statistically significant decrease of 
inorganic phosphorus in the whole blood 
and plasma after three hours (table la 
No similar effect was observed on the inor 
ganic phosphorus of the whole blood when 
sulfanilamide and Paba were given in the 
proportion of 100:1 (table le). Organic 
phosphorous fractions, alkaline phospha- 
tase, and the pHI values of the blood were 
also checked when sulfanilamide was ad 
ministered but these showed no significant 
change. 

Experiment 2, Continued Treatment. 
In the following experiments the animals 
were given daily doses of the drug until 
they showed signs of intoxication; then 
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TABLE ia—Blood Values After Administration to Horses of 0.25 Gm. of Sulfanilamide per 
Kilogram of Body Weight 


W hole blood 
inorganic 
phosphorus 
100 ee.) 


Hour blood 
samples 


taken (me 


29 0.08 
76 0.12 
2.06 * 0.19 
n 


1) a.m. (just before treatment) 
2 p.m 


6pm 


Difference between values at t 
and 2 p.m 


a.m 


TABLE 1b—Corresponding Blood Values of Phosphorous Fractions in Untreated Horses 


0.21 


= 0.22 


1) am 45 
2pm 31 
33 + 0.22 


‘ 


6pm 


Red blood cells 
inorgani« 
phosphorus 
(mg./100 ec.) 


Plasma 
inorgani« 
phosphorus 
(mg./100 ce.) 


Alkaline 

phosphatase 
(unita/100 ex 
3.00 7 
2.07 7 
2.48 7 
n 
t 


1.19 
1.66 
1.48 


‘7 2 


+ 0.47 7 
4.78 2 


7 
2 1.46 + 0.40 
2 1.34 = 0.28 


6 n ) n 


99 + 0.1 1.65 
2 90 + 


73 =@ 


TABLE ic—lInorganic Phosphorous in Whole Blood After Administration of 0.25 Gm. 


Sulfanilamide and 0.0025 Gm. 


11 a.m.( just before treatment) 


220.15 
0.29 


2pm 2.3 
2.2 0.31 


6pm 8 2 
6 


* Btatiatical significance: the probability 


Paba was added to sulfanilamide and the 
experiment was continued, If the symp- 
toms were severe and endangered the life 
of the animal, the administration of the 
drug was stopped. Blood samples were 
taken and the drug administered at 11:00 
a.m, 

Case 1 (Table 2).-—-This 590-kg. (1,300 
lb.) horse was given 100 Gm. (3.527 oz.) 


of equal chance effect 


of Para-aminobenzoic Acid Per Kilogram of Body Weight 


ool number 


of sulfanilamide every day for 36 days 
On the twenty-first day, slight toxic signs 
appeared, The treatment, however, was 
continued for 16 additional days until the 
toxic action endangered the horse. On the 
thirty-sixth day and for the following 
seven days, 1 Gm. of Paba was added to 
the daily dose of sulfanilamide. The elini- 
cal signs disappeared on the thirty-seventh 


TABLE 2 (Case 1)—Effect of Sulfanilamide (100 Gm.) Daily for 43 Days, with Para- 
aminobenzoic Acid (Paba) After 36 Days, on a 590-kg. (1,300-lb.) Horse 


W hole blood Plasma 


Inor Inor 
ganic 
phos 
phorus 
(me 

100 


Eater Master 
phos 
phorus 
(meg 

100 ee.) 


ganic 
phos 
phorus 


phos 
Day of phorus 
experi 

ment 


(meg 
100 ee.) 


(me 
100 ee) 


tocrit 


Normal values without treatment 
23 2.4 14.6 2.7 0.1 
24 2.1 14.2 2.7 Ol 
Dose of 100 Gm. of sulfanilamide given daily 
14 13.7 
11.6 
12.9 


12 


lat 
2nd 


16th 
22nd 
40th 
46th 
37th 
Seth 
40th 
42nd 
43rd 


Hetween pretreatment and treatment with sulfanilamide 
Between treatment with sulfanilamide and treatment 
with sulfanilamide plus VPaba 


* Probability of equal chance effect 0.05; 


100 ee.) 


Dose of 100 Gm, of sulfanilamide plus 1 Gm. of Paha given daily 


Red blood cells ais 


Inor phorus 
ganic 
phos 


\lkaline elimi 


phos 


Kater 


phos nation 


phorus phorus phatase in urine 


(meg Clinical 


symptoms 


(unite (me 


100 


(me 


100 ce.) day) 


Depression 
Depression 
Depression 
Severe depression 


of depression 


16.4 
40.5 
414 


44.5 60 


on 


OA 


Significance of differences (mean values) 


Inorganic 
phosphorus 


Inorganic 
phosphorus 
whole blood 


Urine 


plasma phosphorus 


t 6.861°* 4.232 t S414 


probability of equal chance effect 


~ 
of 
— 
1 
~ 
04 614 6.4 
0.2 56.6 5.7 1,408 
0.1 wu “66 
45.1 
26 0.4 mi O4 45.5 60 1,014 
46 1.9 16.7 2.6 0 
1.6 16.0 2.1 0.3 
41 1.6 15.0 2.2 0.6 04 
“4 26 44 4.2 O.5 
— 
t = 4.1631 
— 
>0.0) 
Si 
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TABLE 3 (Case 2)—Effect of Sulfanilamide (100 Gm.) Daily for 24 Days, with Para- 
aminobenzoic Acid (Paba) After 20 Days, on a 640-kg. (1,411-lb.) Horse 


Whole blood Plasma Red blood cells 
Phos 

Inor Inor Inor phorus 

ganic Ester ganic Ester ganic Ester Alkaline elimi 

phos phos phos phos phos phos phos nation 
Day of phorus phorus phorus phorus phorus phorus phatase in urine 
experi (meg (meg (mg (meg (mg (me (units (me Clinical 
ment tocrit 100 ee.) 100 ee.) 100 ee.) 100 ee.) 100 ec.) 100 ee.) 100 ee.) day symptoms 


Vormal values without treatment 
27 14 14.2 2.5 o4 56.2 
Dose of 100 Gm. of aulfanilamide given daily 
15th 24 1.5 13.6 1.7 54.2 
Dose of 100 Gm, of sulfanilamide plus 2 Gm. of Paba given daily 
20th 24 11.3 2.1 1.9 14 41.5 f Depression ; urticaria 
21st 30 2. 15.6 2.7 0.1 Urticaria; edema 
under abdomen 
Dose of 100 Gm. of sulfanilamide pluw Gm. of Paha given daily 
7 2.4 19.3 ” $2.1 rticaria; edema 
under abdomen 
onto forelegs and 
head 
No treatment given 


2.3 15. 


day and did not appear again for the du- during the administration of sulfanila 
ration of the experiment, which was com- mide but decreased again after adding 
pleted on the forty-third day. Paba 

During the administration of the sulf- Case 2 (Table 3).—-This 640-kg. (1,411 
anilamide, the hematocrit values did not Ib.) horse suddenly reacted with severe de 
change significantly but inereased after pression and urticaria after 20 daily ad 
adding Paba. Inorganic phosphorus in ministrations of 100 Gm. of sulfanilamide ; 
whole blood and plasma decreased signifi- on the afternoon of the twentieth day, 2 
cantly and highly significantly, respec- Gm. of Paba was given in order to coun 
tively, during the administration of sulf-  teract the effect of sulfanilamide, On the 
anilamide and increased correspondingly twenty-first day, urticaria was still more 
after adding Paba. Ester phosphorus de- pronounced and edema appeared under the 
creased in whole blood and red blood cells abdomen. The horse was given the same 
during administration of sulfanilamide dose of sulfanilamide and Paba as the 
but increased in plasma. After adding day before. The animal then became more 
Paba, there was an increase of ester phos- lively, but the edema and urticaria did not 
phorus in whole blood. Elimination of disappear. On the morning of the twenty 
phosphorus in urine was greatly increased second day, the symptoms had become still 


TABLE 4 (Case 3)—Effect of Sulfanilamide (100 Gm.) Daily for 16 Days, with Para 
aminobenzoic Acid (Paba) After 15 Days, on a 625-kg. (1,378-lb.) Horse 


Whole blood Plasma Red blood cells 


Phos 
Inor Inor Inor phorus 
ganic Kater ganic Ester ganic Kater Alkaline elimi 
phos phos phos phos phos phos phos nation 
Day of phorus phorus phorus phorus phorus phorus phatase in urine 
experi Hema (me (me (meg (meg (meg (me (unite (me Clinical 
ment tocrit 100 ec.) 100 ee.) 100 e¢.) LOO ee.) 100 ee.) lOO ee.) 100 ee.) day) -ymptomea 


Normal values without treatment 
lat 35 1.7 15.3 1.0 40 
2nd 16 2.2 14.6 0.1 45.5 


und 2.5 0.7 
tra K 33 2.6 14 40.2 
lith 27 j 2.0 On 0.6 445 Urticaria 
14th 1.3 16 0 3.6 Depression 
Dose of 100 Gm. of sulfanilamide plus 1 Gm. of Paba given daily 
15th 21.9 0.2 | 454 severe edema in 
head coli 
icterur 
Severe edema 
death 


4 
: 4 
. 
24th 2.9 0.2 0.6 3.2 5 Died 
at 
44 76 
> 
= 
i 
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more severe and the edema had spread over 
the forelegs and head; therefore, the dose 
of Paba was decreased to 1 Gm. and the 
next day all treatment was stopped. Blood 
samples were collected for the following 
two days, when the horse died. Necropsy 
showed multiple emboli in the forelegs and 
head and severe edema under the skin of 
the forelegs, chest, and head. 

The hematocrit values were increased 
after Paba was added. Inorganic phos- 
phorus in the whole blood increased very 
slightly when Paba was added. The inor- 
ganic phosphorus in plasma decreased un- 
der the administration of sulfanilamide 
and inereased under the administration of 
Paba. Ester phosphorus in the whole blood 
and in the red blood cells decreased with 
the administration of sulfanilamide but 
increased when VPaba was administered 
while, in plasma, it increased with sulfa- 
nilamide and with Paba. The 
elimination of phosphorus in the urine 
moderately increased with the administra 
tion of sulfanilamide and decreased by 
more than half when Paba was added. 

Case 3 (Table 4).—After 11 daily doses 
of 100 Gm. of sulfanilamide, this 625-kg. 
(1,378-lb.) horse showed urticaria and, 
after 14 days, depression. The following 
day, there were severe symptoms with 
edema of the head and colic (invaginatie 
jejunalis). On days 15 and 16, the horse 
was given 1 Gm. of Paba added to sulfa- 
nilamide, but with no recovery; the horse 
died. 


decreased 


TABLE 5 (Case 4)—Effect of Sulfanilamide on a Horse Known to Be Sensitive 


Whole blood 


Plasma 


Inor 

ganic 

phos 
phorus 


Inor 
ganic 
phos 


hater ister 
phos 
phorus 
(mg./ (mg (me 

ce.) 100 ee 100 ex 


phos 
Day of 
exper 
ment 


phorus phorus 
Hema (mg 


tocrit 100 ee.) 


Normal values without treatment 

$1 1.6 11.2 1.4 
20 1.6 11.8 1.4 O4 
1.6 109 
Done of 75 Gm. in the morning plus 
Dose of 50 tim, of aulfanitiamide given daily 
1.4 12.7 02 


24 1.2 


3.5 
44 1.5 O.5 


No treatment given 
14.2 
2.4 10.5 
2.6 10.8 
1” 
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phorus 
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| 52.3 5 2,815 Depression 
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The hematocrit values decreased at the 
same time that urticaria appeared but in- 
creased greatly with the colic. With the 
administration of sulfanilamide, inorganic 
phosphorus in the whole blood and plasma 
decreased but increased when the symp- 
toms became severe. In the red blood cells, 
there was a decrease. Ester phosphorus in 
the whole blood and red blood cells tem- 
porarily decreased with the administra- 
tion of sulfanilamide. Ester phosphorus in 
plasma showed a temporary increase. 
Phosphorus elimination if urine increased 
moderately during the administration of 
sulfanilamide. 

Case 4 (Table 5).—-From earlier experi- 
ments, it was known that this 580-kg. 
(1,278-lb.) horse was highly sensitive to 
sulfanilamide. For that reason, the horse 
was given only 75 Gm. of sulfanilamide in 
the morning and 50 Gm. in the evening of 
the first day. As soon as 24 hours, after 
the first dose, clinical semptoms appeared, 
with depression and edema under the ab- 
domen and rigidity of the muscles. The 
following two days, the horse showed more 
severe symptoms and the daily dose was 
cut to 50 Gm., then discontinued. The 
horse recovered and, on the seventh day of 
the experiment, he was free of symptoms. 

The hematocrit values decreased about 
5 per cent during the administration of 
the drug. Inorganic phosphorus in the 
whole blood and plasma increased at first, 
then decreased. After the treatment was 
stopped, it increased again. Ester phos- 


Red blood cells 


Phos- 
phorus 
Alkaline elimi 


phos 


Ester 
phos nation 
phorus in urine 
(meg (units (mg 
*) 100 ee.) 100 ee day) 


phatase 
Clinical 
symptoms 


evening of sulfanilamide given 


edema 

644 5 § Edema; urticaria 
eosinophilic leuko 
cytes in blood, 
14%. 


Continued edema 
Recovered ; eosino 


philic leukocytes 
in blood, 2% 


P 
a 
Lae 
3 
; 
* 
(n 
100 
. 
1.0 87.9 5.9 
35.8 66 268 
Ist 
tnd 
ee ith 2.2 0.6 0.7 54.8 7.3 
6th 0.8 42.4 6.3 
7th 2.5 04 0.3 42.7 6.2 
: by 
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Errect OF SULFANII 
phorus in the whole blood and red blood 
cells increased during the administration 
of the drug but, when the horse became 
better, these values returned to nornial. 
Phosphorus elimination in the urine mark- 
edly increased during the first day of 
treatment but became normal on the see- 
ond day. 

Case 5 (Table 6).—This 650-kg. (1,433- 
lb.) horse was given 100 Gin. of sulfanila 
mide for seven days. On the second day, 
he showed decreased appetite and, on the 
eighth day, edema under the abdomen and 
muscle rigidity appeared. Thereafter, 1 
Gm. of Paba was added to the daily dose of 
sulfanilamide. Because of the severe clini- 
cal symptoms, the dose of both drugs was 
decreased by half the following day and 
continued for three more days. The edema 
diminished and disappeared during the 
administration of both drugs. 

The hematocrit values decreased during 


TABLE 6 (Case 5)—Effect of Sulfanilamide 


AMIDE ON METABOLISM 691 


the administration of sulfanilamide. After 
the experiment was finished, they returned 
to normal. There was a highly significant 
decrease in inorganic phosphorus in the 
whole blood and plasma after sulfanila- 
mide treatment. After adding Paba, inor- 
ganic phosphorus in the plasma rose sig- 
nificantly. Ester phosphorus in the whole 
blood decreased slowly; in the red blood 
cells, it first increased, then decreased, and 
increased again after adding Paba. Phos 
phatase progressively decreased after the 
addition of sulfanilamide but began to 
increase again after adding Paba. The 
elimination of phosphorus urine ap- 
proximately doubled after sulfanilamide 
administration but decreased again when 
Paba was added. 

Case 6 (Table 7)—This 582-kg. (1,283- 
lb.) horse was ridden daily during the en- 
tire experiment and was given 100 Gm. of 
sulfanilamide daily for 27 days, without 


(100 Gm.) Daily, with Paba After Seven Days, 


on a 650-kg. Horse 


Whole blood 


Plasma 


Inor Inor 
Eater 


ater 


phos 


ganic 
phos 


ganic 
phos 
Day of 
experi 
ment 


phorus phorus phorus phorus 


i 
Hema 
tocrit 


(mg (mg 


(mg 
100 ee.) 


(meg 


1O0 ee.) 100 ce.) 


Normal values without treatment 
40 11 2.45 
27 12.9 


lst 
und 
ird 


2nd 
ord 
4th 


0.9 
12.0 
0.6 


Dose of 100 Gm. of aulfanilamide plus 1 Gm 


Dose of 50 Gm of 


of aulfanilamide plus 


4 
No treatmer 
24 


uw given 


, 


Ketween pretreatment and treatment with sulfanilamide 


etween treatment with sulfanilamide and treatment with st 


Probability of equal chance effect 0.05 


100 ee.) 


of Pat 


probabilit 


Red blood cells 


phorus 
elimi 


Inor- 
ganic Alkaline 


phos 


Eater 


phos phos nation 


yhorus phorus phatase in urine 


(me (meg (unite (me Clinical 


100 ee.) 100 day) aymptomea 


160 


Decreased appetite 


0 Decreased 


0 


appetite 
Decreased appetite 
Decreased 
Deere 
Decreased 


appetite 
appetite 


appetite 


0 arsed 
ba given 
Edema under 
abdomen 
muscle rigidit 
Paha given daily 
Edema under 
abdomen 
muacle rigidity 
Edema atill present 
Less edema 
Recovered 


Recovered 
Kecovered 
Recovered 


Significance of differences 
(mean values) 


Inorgani« 
phosphorus 


Inorganic 
phosphorus 
whole blood plasma 

5.045? 


ilfanilamide plus Paba 2. 384° 


of equal chance 


— 
ax 
0.6 0 5.4 
28 2.3 5.3 0 ; 6.7 
Dose of 100 Gm, of sulfanilamide given daily 
24 1.6 11.2 2.2 
24 1.3 a 
22 1.3 ‘ 
Sth 20 1.2 
6th 25 1.1 1.4 1.0 
7th 21 10 = 1.3 0.7 Ba 
1.6 o4 j 
Oth 23 07 14 $.2 
10th 21 1.3 0.7 2.0 
12th 0.5 24 0.3 > 
13th 115 0.6 0 lies 
15th 2.2 16 0 
3 
0.05 > 0.01 ak 
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toxic signs developing. After that time, 
200 Gm. was given daily for four days, 
when slight signs of intoxication appeared 
in the form of excitement and a slightly 
unsteady walk; therefore, for four days, 
2 Gm, of Paba was added to 200 Gm. of 
sulfanilamide. On the thirty-fifth day, the 
horse developed myocarditis, 
which on necropsy, when later destroyed, 
was diagnosed as a hyaline degeneration of 
the heart muscle. 

Inorganie phosphorus in the whole 
blood, plasma, and red blood cells did not 
alter materially during the treatment, but 
ester phosphorus in the whole blood and 
red blood cells, which decreased during the 
sulfanilamide treatment, increased again 
when Paba was added. During the admin- 
istration of sulfanilamide there was a de- 
crease of the phosphatase values. Klimina- 
tion of phosphorus in the urine initially 
increased greatly during the administra 
tion of sulfanilamide but decreased again. 

Case 7 (Table &).—This 590-kg. (1,300 
Ib.) horse was given 100 Gm. of sulfanila- 
mide twice daily for two days and, on the 
third day, signs of inereased irritability 
appeared, The dose was decreased to 100 
(im. daily and the signs disappeared. This 
dose level was continued for 15 days with- 


signs of 
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out any signs of intoxication. Then the 
dose was increased again to 200 Gm. daily 
for five days. As early as the first day of 
this increased the horse showed 
depression, muscular stiffness, and ataxia. 
The next day the horse became worse, fell, 
and had to be helped to his feet. The 
following day, he spontaneously improved. 
Two days later, severe depression devel- 
oped and, on that day, the dose was 
decreased to 100 Gi. of sulfanilamide com- 
bined with 1 Gm. of Paba. The next day, 
this dose was doubled but the toxie symp- 
toms disappeared and did not recur dur- 
ing the following five days of the experi- 
ment. 

In this horse, inorganic phosphorous 
fractions in the whole blood and plasma 
increased on the twenty-second day, when 
the symptoms The ester 
phosphorus in the whole blood and red 
blood cells showed a primary decrease and 
a secondary increase during the adminis- 
tration of sulfanilamide. Phosphatase val- 
decreased markedly during adminis- 
trations of sulfanilamide. There was a 
statistically significant increase in urinary 
phosphorus during the administration of 
sulfanilamide but a again when 
Paba was added. 


close, 


became severe. 


Hes 


decrease 


TABLE 7 (Case 6)—Effect of Sulfanilamide (100 Gm. for 27 Days Plus 200 Gm. for 4 More 
Days) on a 582-kg. (1,283-lb.) Horse 
Whole blood 


Plasma Red blood cells 


Inor Inor Inor phorus 
ganic 
phos 
phorus 

Hlema (me (me (me (meg 


tocrit 100 ce.) LOO ee.) LOO ee.) 100 ee.) 


Alkaline 
phos 
phatase 
(units (meg 
100 lay 


hister elim 


phos 


hater Ester 


phos 


gan 


phos phos phos nation 
of 
experi 


ment 


phorus phorus phorus phorus 


(mg (meg 
100 ee.) 100 ee.) 


phorus in urine 
Clinteal 


symptoms 


Vormal values without treatment 
lat 10 2.2 14.2 in.2 
2nd 2.4 15.2 on 47.1 
Dose of 100 Gm, of wulfanilamide given daily 
lat 
2nd 
ird 
Dose of 200 Gm. of sulfanilamide given daily 
2ath 40 2.0 14.5 
28 2.5 10.7 2.9 1.6 


2.8 

Excitement; slightly 
unsteady walk 

Dose of 200 Gm. of sulfaniamide plus 2 im, of Paba given daily 

9° 


11.48 2.4 15.45 


2 3.5 0.2 


26 
26 12 OR 


severe heart failure 
unable to walk 
28 2.8 Severe heart failure 
unable to walk 
Vo treatment given 
S7th 25 2.6 14.4 Severe heart failure 
unable to walk 
Severe heart failure 
unable to walk 
Killed 


40th 


43rd 


nad 
1os2 
1,956 
ait 
100 


Am. J. Ver. Res 
1956 


CONCLUSIONS 


Sulfanilamide given to horses as a single 
dose of 0.25 Gm. per kilogram (2.0 
lb.) of body weight, produced a highly sig 
nificant decrease in inorganic phosphorus 
in the whole blood and plasma. If 0.0025 
Gim. of Paba per kilogram of body weight 
was added to this dose, of sulfanilamide, 
the drugs had no effect on the inorganic 
phosphorus in the whole blood. Thus, Paba 
appeared to counteract the effeet of sulfa 
Hilamide on the inorganic phosphorus of 
the whole blood. 

When repeated doses of sulfanilamide 
were given horses, inorganic phos 
phorus in the whole blood and plasma usu- 
ally decreased. In two of the experiments, 
the decrease was highly significant (cases 
land 5). After Paba was added, there was 
a highly significant increase Inorganic 


er 


to 7 


TABLE 8 (Case 7)—Effect of Sulfanilamide (100 or 200 Gm. 


EFFECT OF SULFANILAMIDE ON METABOLISM 


phosphorus in plasma in case 1 and a sig 
nificant The adminis 
tration of sulfanilamide usually increased 
the elimination of phosphorus in urine 
The average increase was highly signifi 
cant, but was in and 7 
Considered individually, the cases show a 
temporary effect on most of the phospho 
fractions, the level of 
and the amount of phosphorus eliminated 
in the urine, In experiments 1, 4, and 6, 
for example, urinary phosphorus showed a 
very marked inerease under the influence 
of suifanilamide. In experiments 4 and 6, 
the phosphorus values in the urine spon 
taneously returned to 
tendency had earlier been observed in ex 
periments with rats when the lethal effect 


increase in Case 


rreatest CASCS 


rus phosphatase, 


normal, The same 


of sulfanilamide was tested 
Sulfanilamide caused the death of 2 ani 


Daily) on a 590-kg. 


(1,300-lb.) Horse 


Whole blood 


Plasma 


Inor Inor 


ganic Ester gani 


phos phos phos phos 
Day of 
experi 


ment 


phorus phorus phorus phorus 


Hema 
tocrit 


me (mg 


100 


(mg (me 


TOO 100 ee.) 


Normal values without treatment 
2.9 7 
2% 3.4 

7 


Ist 24 
2nd $3 
ird ‘4 
ith 2.8 
Dose 1060 Gm. of sulfanitlamide give 


lat 


2.4 20.5 


100 Gm. of sulfantlamide aqiven dady 
41 
10 | 


| 


, 
100 Gm, of sulfanilamide given tivice 


21.4 


sth 


190.6 


21.9 +4 


20th 


2 


100 Gm 


Dose 
22nd 4.7 21 
Dose 100 Gm 
41 1.6 

42 

40 

4) 

‘4 


oR 


24rd 2.2 
24th 
25th 
26th 
27th 


20.1 
19.1 
17.4 


Between pretreatment and treatment with sulfanilamide 


* Probability of equal chance effect 0.05 0.01 


Ked blood 


Inor 
phos 
phorus 
(me mis 


1O0 ee.) 


woe 


daidy 


“ 


cells 
Phos 
phorus 
elimi 


phos 


\lkaline 
phos nation 


phorus phatase in urine 


unite Clinical 


100 POO symptoms 


Irritability 


on 


etiffn 


Depress mu 
lar 
ataxia 

Fell, had to be 
helped to ite feet 


Improvement 


of aulfanilamide plus 1 Gm. of Paba given 


of sulfanilamide plus 1 Gm. of Paba given 


Significance of differenc: 


mean values 
rine phosphorus 


—- 
ey 
> 

a= 

qe 
— 
11 4.2 64 76 

76 

2nd 

Dose of 
ira 41 1.5 6 
4th 1.5 60.5 7.7 
Sth $5 2.8 15.4 4.7 145 69 
Ath 16 2.6 14.4 2.9 0 410.0 
Sth 16 2.8 14.2 0 2.4 71.32 
15th 20 3.0 260 

‘alt 
7 4 
55.8 severely depr od 
twice daily 

2.6 0 4.2 
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mals and severe heart failure in a third. 
The most common clinical signs of the 
toxie effect of sulfanilamide were depres- 
sion, muscular stiffness, and allergic signs, 
such as urticaria and edema. Depression 
appeared in cases 1, 2, 3,4, 7, and 5. Any 
uniform effect on the phosphorus metabo- 
lism in relation to this sign was not seen, 
except that phosphorus elimination in the 
urine was inereased. Muscular stiffness 
appeared in cases 4, 5, and 7. It was im- 
possible to correlate phosphorus metabo- 
lism with the time of appearance of the 
signs. Urticaria and edema, which ap- 
peared in cases 2, 4, 4, and 5, had no ob- 
servable effect on phosphorus metabolism. 
Therefore, it can be concluded that the 
effect on the phosphorus metabolism is not 
the main effect of sulfanilamide and is not 
of primary importance in the appearance 
of clinical signs of intoxication. 

The effect of sulfanilamide on the phos- 
phorous fractions was not accompanied by 
any damage to the kidneys. Careful histo- 
logical examinations of the 3 dead horses 
showed no sign of kidney damage, nor was 
there even any clinical sign of disturbed 
kidney function in the other horses. Urine 
was carefully cheeked, but no albumin was 
observed, nor was there any change in 
daily output. 

Selye*® has shown that the nonspecific 
responses of the body to harmful influ- 
(stress) follow a definite pattern 
which he calls the ‘‘general adaptation 
syndrome.’’ Various agents (stressors ) 
can call forth these reactions which in 
clude both pathological and biochemical 
changes. It is not unreasonable to look 
upon sulfanilamide as which 
causes, among other things, a disturbance 
in phosphorus metabolism. 

According to Selye,” the general adapta- 
tion syndrome is the sum of all nonspecific 
reactions of the body which ensue upon 
long-continued exposure to stress. The 
effect of sulfanilamide on phosphorus me- 
tabolism is, in our opinion, one of the sys- 
temic reactions of which the general adap- 
tation syndrome is composed. 

The toxie signs appeared at different 
times after the administration of sulfanil- 
amide was begun. This great variation in 
individual reactions is the most important 
discovery of these experiments. It was 


ences 


a stressor 
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demonstrated experimentally that one can 
not predict when toxic signs will appear 
in connection with sulfanilamide therapy. 
The toxic effect of sulfanilamide is of eco- 
nomic importance, since 2 horses died and 
severe cardiac damage resulted in a third. 


SUMMARY 


Sulfanilamide, given as a single dose to 
horses, decreased inorganic phosphorus in 
the whole blood and plasma. When para- 
aminobenzoic acid (Paba) and sulfanila- 
mide were given together, there was no 
such effect. 

When repeated doses of sulfanilamide 
were given to horses in seven experiments, 
severe toxic signs appeared in some ani- 
mals. Two horses died, 1 with ecolie and 1 
with multiple embolisms. One horse had 
to be destroyed because of myocarditis but 
the other 4 animals recovered either when 
Paba was added or when the administra- 
tion of sulfanilamide was stopped. The 
most common effect of repeated doses of 
sulfanilamide on the phosphorus metab- 
olism was an increase in inorganic phos 
phorus in the whole blood and plasma and 
phosphorus elimination in the urine. 

To understand the contrary effect of 
single and repeated doses of sulfanilamide 
on phosphorous fractions in the blood, it 
is necessary to remember Selye’s hypothe- 
sis that these effects represent different 
stages in the same the general 
adaptation syndrome. 
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Methods of Spinal Fusion and Vertebral Immobilization 
in the Dog 


B. F. HOERLEIN, D.V.M., Ph.D. 


Auburn, 


MANY veterinarians from time to time have 
seen the need for the development of surgi- 
cal techniques to produce spinal fusions or 
vertebral immobilization or both. Vertebral 
fractures in animals, in the great majority 
of cases, have terminated in death or per- 
manent paralysis. Intervertebral dise sur- 
gery in the dog, as described by veterinary 
surgeons,’ * has unaccompanied — by 
conjunctive stabilization or fusions of the 
spine. With these thoughts in mind, the 
author has endeavored to devise in the dog 
techniques that will produce vertebral im- 
mobilization and spinal fusion. They are 
described in this paper. 


been 


LITERATURE 


Armstrong” has outlined the basic conditions 


f bone grafting in man as follows: 


1) There and stable 
between large areas of raw bone on the graft 
and host. 

2) Fixation of the graft 
be mechanically stable. 
3) Before grafting, the fractured 
should be cleared of fibrous tissue and selerotic 
bone. 

4) Normal apposition and alignment of the 
fragments of the host bone should be restored, 
5) The architeeture of the reconstructed 
as a whole should as far as possible approxi 
mate to normal at the conelusion of operation. 


should be close contact 


and fracture must 


surfaces 


bone 


There are various opinions as to the most effee 
tive type of how it should be 
placed or fixed. Campbell” states that osteogenic 
fresh 
grafts are 


bone to use and 


cells and osteocytes survive only in autoge 


nous bone grafts. Autogenous bone 
also better tolerated in tissue than preserved or 
fresh homogenous grafts. Wilson and Barth,’” 
on the other hand, have suggested that healing 
of bone-bank grafts and fresh autogenous grafts 
largely takes place by a process of invasion, ab 
sorption, and Both of these 
are indistinguishable months after im 
plantation; however, fresh autogenous grafts be 


Gallie and Rob 


replacement. types 


several 
come ineorporated more rapidly. 
Small Animal Surgery and 


Institute, Auburn 
Committee on Pub 


From the Department of 
Medicine, Alabama Polytechnic 

Publication No. 605 approved by 
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The author is indebted to Dr. L. P. Griffin who, as 
a senior veterinary student, assisted materially in this 
work. The histopathological work of Dr. H. R. Seibold 
was greatly appreciated on the bone graft sections 


Alabama 


state that such osteoblasts that alive 


their 


ertson stay 
a surrounding supply 


proliferate 


do so from necess to 
of blood and They 
and make new living bone along the framework of 
that has died for lack of blood 
lymph. 

If growth is to take place, 
eut, prepared, and placed as to take greatest ad 
The 


vaseular area, 


lymph begin to 


bone fresh and 


the bone should be so 


vantage of the revaseularization 
graft 


and the deeper layers of the eortex and medullary 


process 


should be in eontaet with a 


cavity are iscular than the superficial cor 
tex. The easily 

if it contains, at soft 
endosteal bone which is in immediate contact 
the host Finally, the 
graft and host brought in eontaet, the more rapid 
will be the the graft 


subsequent 


more Vi 


will be more vascularized 


groft 
cancellous 


with 


least in part, 


bone, larger the areas of 


revaseularization of and its 


replacement by living bone. Since os 
teoblasts are most prevalent under periosteum and 
endosteum, osteogenesis will take place much more 
both of these structures ean be 


rapidly if one or 
included in the graft 


from the literature 


that fresh autogenous grafts give a ‘*‘ faster take’ 


In general, it would seem 
than homogenous or bank grafts but that the end 
much the A graft 
be prepared to take advantage of the most abun 
dant supply of blood 
for nutrition 

The types of grafts 
briefly as follows: 


result would be same. should 


osteoblasts as well as of 


used in spinal work are 


1 


graft” is a 
bodies of the 


1) Intervertebral bone graft in 


serted between the vertebra in the 


dise space 


(fig. 1). 


2) Clothespin graft is an shaped graft 
with the 


fixed 


wedged between the SpPinous Processes 
spines so ‘‘notehed’’ as to keep the graft 
(fig. 2.) 

3) Hibb’s method ' 
cessful methods and consists of splitting the spi 


nous processes into small fragments, chipping the 


was one of the first sue 


outer surfaces of the laminal arches, removing 
the eartilage from the facets, and place 
ing the bone chips as bridges across the denuded 
bone of the Additional 


chips from the ilium or tibia ean be used to rein 


vertebral arches, bone 
foree the area. 

4) Albee’s method is a ‘*wedge’’ 
’ graft whieh consists of placing a rigid 


or an ‘‘in 
clusion’ 
graft between the split spinous processes and se 
curing it by 


rial (fig. 3). 


means of wire or other suture mate 


5) Onlay graft ix used frequently on long bones 
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and consists of placing a rigid bone graft on the 
prepared surface of the host bone and securing it 
tightly with serews or similar items (fig. 4 


PROCEDURE 

The 
bilization methods in the dog was accomplished in 
a two-year period, 1953 and 1954. During 1955, 
the single and double onlay and H, or clothespin, 


dogs. 
three 


investigation of spinal fusions and immo 


graft methods were employed in 4 
postsurgical period 
One graft itself 
two others probably would have if they had been 
given more time, It the last 


rib was the most aecessible bone for grafting and 


hone 
The 


months, 


observation was 


established well while 


was determined that 


Fig. 3—The Albee or wedge graft is a cortical 
section of bone shaped (b) and secured between 
the split (a) spinous processes with wire or other 
suitable material (c). 
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Fig. 1—In the interverte- 
bral bone graft, the disc 
is completely removed 
and a comparable flat, 
disc-shaped, section of 
bone (arrows) is forced 
in the intervertebral 
space. 


Fig. 2—The clothespin or 

H graft is a _ properly 

shaped piece of cortical 

bone forcibly placed be- 

tween the notched spi- 
nous processes. 


was more suitable as far as vascularity was con 


cerned than a section of tibia (dogs 1, 
table 1). 
Spinal 1953 


employed vitallium bone plates and Wilson lami 


immobilization methods used in 
nectomy plates, both of which were applied to the 
spinous processes. Bone plates and serews placed 
in 2 dogs gave only 
well tolerated by the 
Wilson 
applied to the dorsal 
(17, 18, table 1). 
support than the plates and serews and were also 
well tolerated by the tissues. 

The 1954 was 


with the following objectives in mind: 


stabilization but 
(dogs 15, 16, 
plates bolts 


spines of 


fair were 
table 


were 


tissues 
laminectomy and 
dogs 


better 


lumbar 


These plates gave much 


follow-up study in undertaken 
1) To repeat the bone grafting procedure and 
allow 
vation 
2) To 


eases of 


“a six-month postoperative period for obser 
and evaluation 

these grafts in 
where no 


evaluate the union of 


external fixation and in cases 


immobilization was provided. 

3) To 
luxation 
similated fracture 


further evaluate spinal fraeture and 


methods in experimentally 


The 


because of the 


produced or 


intervertebral bone 


CASES, 


graft was not used small 
intervertebral space in the 
‘‘elothespin’’ graft 
‘*H’’ graft and Albece’s method will be ealled the 
‘*wedge’’ graft. Hibb’s 
plished but ‘‘onlay’’ or 


investigated, 


very 
dog The 
referred to as the 


ao ealled 
will be 


method was not 


lay grafts were 


1954 Resuits 
BoNE GRAFTS 


Generally, the experimental cases were 


treated as similarly as possible. The an- 
terior lumbar vertebrae were used [the 


first lumbar (11.), second lumbar (2L), 
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Procedure 


Tibial bone graft on 
, on each side of 
3L-4L** dorsal spine 
fastened with ny 

lon 00 


Rib graft, single on 
lay fastened to 4L 51. 
spine by means of 
bone screws 


Double onlay rib 
graft to spines 
secured by means of 
bone screws 


H rib graft forcibly 
placed between the 
2-3L¢ dorsal 

spines (fig. 6) 

A single onlay rib 
graft applied to 1L 
2L dorsal spines with 
Kirschner wire 

An H rib graft was 
forcibly placed be 
tween 1-2L spines; 

2 small onlay grafts 
were also placed on 
each side of dorsal 
spines 

A single onlay graft 
was secured to 1L 
and 2L with non 
threaded \%-in. dia 
pins at junction of 
lateral processes and 
vertebral bodies 
A wedge type rib 
graft placed betw 
1-2L split dorsal 
spines and secured 
with nylon 


H rib graft placed be 
tween 1-2L spines 
small double onlay 
grafts loosely placed 
on each side of dorsal 
spines, aire cast 

$3 days 
Wedge graft placed 
between split dorsal 


spines of and 21 
and secured with 
nylon; aire-cast, 36 
days 

A single onlay graft 
to the 1L-2L dorsal 
spines secured with 
Kirschner wire 
aire-cast, 40 days 


A double onlay graft 
placed on each side 

of 1L-2L spinous 
processes and secured 
with O stainless steel 
suture; cast 


TABLE i—Bone Graf 


Obser 
vation 
period 


imo 


2 mo 


t's mo 


J mo 


mo 


mo 


mo 


6 mo 


days 


i's mo 
7 mo 


Bone 


Spinograph 


findings 


(/RAFPTS WITH NO 


Showed longitu 
dinal splitting of 
graft on one end: 
retained position 
and size for 2 mo 
Bone fragments 
retained size and 
density 


Gradual absorp 
tion of graft 


Maintained dens 
ity and position 


H maintained 
density and posi 
tion ; onlays not 
seen well 


Posterior pin loos 
ened and this end 
of graft notin 
place 


Original graft de 
wenerated but 
secondary exos 


tosis developed 


Very slight de 


n 
eration of grafts 


(iradual degenera 
tion of original 
graft with a ser 
ondary bony pro 


liferation 


Graft maintained 
iteelf: good bone 
bridge between 
vertebrae 


Gradual regres 
sion in size of 
graft; bone for 
mation and fusion 
evident 


Necropsy 


findings 


EXTERNAL FIXATION 


(rood take, some 
what smaller 
added little rigid 
ity to spine 


Dow lost 


Bone fragments 
came loose when 
screws were 


removed 


Ciraft was largely 
replaced with 
cartilage and 
fibrous-like tissue 
Dog lost after 
months 


Dog lost after 
3% months 


Secured end 
showed a take 
the loose end not 
in place 


Secondary exons 
tosis gave excel 
lent support and 
rigidity 


BONK GRAFTS WITH EXTERNAL FIXATION 


(irafts well estab 
lished grossly 


some rigidity to 


area 


Graft taken well 


exostosis gave 


good rigidity 


(iraft well estab 
lished: rigidity 
present 


(iraft well estab 
lished some 


rigidity to spine 


ts Using Various Methods of Immobilization in the Dog 


Histological 
findings 


Some evidence 

of bone formation 
from fibrous con 
hective tissue 


present 


Fibrous tissue 
breakdown and 
formation of bone 


Heavy fibrous 
tissue; some 
evidence of oase 
ous development 


None 


None 


Much fibroearti 
lage and new 
bone prerent 
fragments of 
graft tissue be 
ing removed by 


osteoclasts 


(Ciraft bone trans 
formed into con 
neetive tissue 


cartila and 


new bone 


section 
ontained mature 
bone; complete 
transformation 


some graft bone 
removed by osteo 
clasts; fibrocart) 
lage and new 
bone around 
craft areas 

Some graft bone 
removed by osteo 
clasts; fibrocarti 
lage and new 
bone around 
graft areas 


Conclusions 


Satisfactory 
take 


Probably a 
take 


Not a complete 
take, screws in 
«rafts main 
tained some 
rigidity 

Poor take 

no extra sup 
port gained 


(iood take 


probable 


Take probably 


Partial take 


tiood take, good 
support from 
secondary bone 


formation 


take 


some support 


frood take 


good support 


(rood take 
fair rigidity 


(rood take; 
some rigidity 
to spine 


Se vat 
7 
— 
weeks 
| 
pet 


TABLE 1 (Continued)—Bone Grafts Using Various Methods of Immobilization in 


Procedure 


A single onlay rib 
wraft to the denuded 
articular process area 
of 1L-2L vertebra; 
stainless steel wire 
used; 3-cm. bone 
plate and Wilson 
bolts 

A single onlay rib 
graft secured to the 
bodies of by 
means of bone 

No. 1 Wil 
son plate and bolts 
secured to 
dorsal spines for 
immobilization 


acrewer 


2 in. bone plate 
screwed to 
spines 


2 in. bone plate se 
cured to ventral sur 
face of 4L, OL, OL, 
through laparo 
tomy incision by 
means of bone screw 
Wilson No. 1 lami 
nectomy plate se 
cured to 2L,5L dor 
sal spines by means 
of bolts 

Wilson No, 2 plate 
placed on IL, 2L, 
SL, dorsal spines by 
means of bolts 


FRACTURE 
Disarticulated 
SL; Wilson No. 1 
plate and bolts ap 
plied to 1L, 2L, 
Disarticulated at IL 
2L 


placed on 1L,-2L dor 


small bone plate 


sal spines secured 
with screws 
Disartiquiated at 21, 
Sem, bone plate 
placed on lat 
eral processes by 
means of acrewr 
Disarticulated at 21, 
tl; 2 Wilson No. 2 
plates secured to 

IL, 2L, SL dorsal 


spines with bolts 


Disarticulation at 
2L-3L; 2 bone plates 
(10 and 6 em, long) 
on each side of 2L 
dorsal spines, 
secured with bolts 


Obser 
vation 
period 


with 


7 mo 


6 mo 


FRACTURE 


4% mo 


IMMOBILIZATION 


mo 


days 


5 mo 


4 mo 


Spinograph 
findings 


BONE 
jone plate 
obliterated 
study of graft 


Lost some 
density but 
considerable 
was left at 6 


months 


IMMOBILIZATION 


Normal 


Screws protruded 
slightly into 
spinal canal 


Normal 


Normal 


(iood reduction 
satisfactory 
immobilization 


1 screw and part 
of dorsal apine 
broken off 
spinal cord 


Ciross displace 
ment of verte 
brae cord pres 


sure present 


weeks after 
bolt and 
tL, dor 


sal spine broke 


surgery 


part of 
loose; in a few 
weeks dog com 
pensated clinically 
for 
could walk 


pressure and 


Normal 


PLATES AS 


METHODS 


SIMULATED 


Necropsy 

findings 
SKELETAL 
Plate gave good 
rigidity 
graft soft and 
not well incor 
porated 


bone 


Fair take al 
though graft 
shrunken in 
size; fair rigid 
ity when screws 
in place 
when removed 


poor 


ON NORMAL 


Screws loose 
little immo 
bilization 


Animal lost 


Plate well 
placed ; no reac 
tion ; fibrous tis 
sue around plate 


Fibrous tissue 
and bone prolif 
erated around 
plate and bolts 


FRACTURES 


Bolts and plates 
secure: cord 


normal, grossly 


1 screw and part 
of dorsal spine 
broken off 
nal cord severed 


Anterior serew 
loose; allowed 
vertebrae to 
displace itself 
dorsally 

Much bone callus 
and exactions ex 
isted at area; 2L 
was displaced 
dorsally approx 


Much fibrous 
and bony tissue 
around plates 
and bolts; floor 
of canal smooth, 


no cord sections 


Histological 
findings 


FIXATION 


Transplant 
largely reab 
sorbed: cartilage 
and new bone 
laid down; much 
inflammatory re 
action in bone 
plate area 

No original 
craft tis 
moderate 


bone 
sue 
proliferation of 
periosteum and 


slight new bone 


None 


Cartilage timsue 


around plate 


PLATER ON SPINe 
Shicht micro 

acropic changes 
in dorsal ventral 
white substance 


Not done 


Not done 


W hite 


in ventral and 


substance 


lateral columns 
contains larg 
scattered vacu 
oles, fragment of 
tissue debris 
and occasional 
phagocytes 


Not done 


the Dog 


Conclusions 


Poor take 
plate gave 


support 


Fair take; 
rigidity largel 
lost when 


screws and 
plates removed 


Not satisfac 
tory immobili 
ation 


Difficult, but 
satisfactory 
method: not 


practical 


fiood 


immobilization 


fiood 
immobilization 


resulte 


Poor 


fread unti 
dorsal spine 
due to 


extreme 


broke 
exer 
cise; a large 


ictive dog 


— 
Dog 
* 
13 
i4 
=? 
16 2 mo None 
{ 
7 2%mo None 
20 1 day Poor 
22 
| 698 | 


Am. J. Ver. Res VERTEBRAL IMMOBILIZATION IN THE Dog 


1956 


TABLE 1 (Continued)—Bone Grafts Using Various Methods of Immobilization in the Dog 


Obser- 


vation Spinograph 


Procedure period findings 


Necropsy Histological 


findings findings Conclusions 


FRACTURS IMMOBILIZED KY OTHER MEANS 


Disarticulation at 3 mo Giood apposition 
2L-3L; hole drilled and healing 

in each dorsal spine 

and double strand 

of 00 stainless steel 

wire placed in the 

spines 

Disarticulated at 21 Good apposition 
3L; surgical wound and gradual 
closed and plaster of healing 

paris cast applied 

for 4 wk.; aire-cast 

applied later 


Disarticulated at SL None None 
4L; bone plate (5 

em.) placed on ven 

tral surface of 3L 

4L vertebrae through 

laparotomy incision 


* These dogs were observed during 1953, all others 


Dog disappeared Not done Ciood 
at time of pro 


posed necropsy 


Sheht constriv Not cone 
tion of cord at 
necropry scat 
tered demyelina 
tion in dorsal and 
ventral white 
substance in this 
area 

Dog destroyed 
because of dam 
age to vena cava 
in placing the 


were observed during 1954 »4L-—on third and fourth 


lumbar vertebrae; ¢ 2.3L-—hbetween second and third lumbar vertebrae 


ete.|. The bone grafts were all secured 
from the last rib. Spinographs were taken 
every two weeks for two months and once 
every month thereafter. The cases are de- 
scribed as follows: 
Bone Grafts with External Firation. 

Experimental dog 9 was a 22-lb. male of 
mixed breeding, 3 to 5 years old. An H 


Fig. 4—The onlay or “lay-on” graft is a cortical 

length of bone placed on the lateral surface of the 

spinous processes and secured with screws or wire 
material, 


graft was placed between the Th, and 2b 
vertebral spinous processes. In addition, 
two slender sections of bone were placed 
as onlay grafts on each side of the spines 
The grafts were secured from the last rib 
and the periosteum was peeled back from 
contact surfaces. A plastic cast * was ap 
plied to the trunk extending from the 
shoulder to the preputial region. The cast 
was left on, except for periodic dressing of 
the incision, for 33 days 

The recovery progressed and periodic 
spinographs were taken at 2-, 4-, 6-, and 
S-week intervals and at monthly intervals 
thereafter. All radiographs demonstrated 
a persistence of the grafts with but slight 
dissolution (fig. 5). The animal was de 
stroyed after six months. The grafts were 
in place with one end well incorporated 
but the other end was not firm. The graft 
had given some rigidity to the area. On 
histological examination, the transplant 
bone had been transformed into intermedi 
ary forms, such as connective tissue, carti 
lage and, finally, bone 

Experimental dog 10 was a 13-lb. Setter 
bitch, about 4 months old. A wedge-type 
graft was placed between the split spinous 
processes of 11,-21, vertebrae. The graft 


‘was a rib section with marrow bone ex 


posed to one side and cortical bone with 
the periosteum peeled back on the opposite 
side. Small holes were drilled in each spine 
through the graft as placed and secured 


* Aire Cast, Tower Co, Ine fieneva, 
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with No, 00 monofilament nylon suture. A 
plastic cast was placed as deseribed for 
dog 9 and was left on for 36 days. The 
dog, however, would remove the and 
it was replaced repeatedly. 

Progress was satisfactory and spino- 
graphs were taken at regular intervals as 
deseribed for dog % They showed a pro- 
gressive loss of original graft contour which 
was superseded by a large proliferation of 
bony tissues in the area, The 1L-2L verte- 


“ast 


brae were nearly completely fused by a 


massive section of bone at the end of the 
observation period (fig. 7). The animal 
was destroyed after six and a half months. 
The section of spine was rigidly 
immobile and was partly immobile at 13T- 
IL. The graft apparently had ‘‘taken’’ 
completely. In the histological sections, 
no differentiation of transplant bone could 
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Fig. 5—This spinograph 

was taken six months 

after surgery on experi- 

mental dog 9. The H 

graft was giving some 

rigidity but one end was 
not firm. 


be distinguished. The entire section looked 
like mature parent bone. The transplant 
had completely established itself 
Experimental dog 11 was a 20-lb. fe- 
male of mixed breeding, about 1 to 2 
years old. An onlay type rib graft was 
applied to the side of the spinous proe- 
esses Of 11-21, vertebrae and kept in place 
by clinching a Kirschner wire seetion 
through the graft and precess. The peri- 
osteum was peeled off each contact sur- 
face. A plastic cast was applied pre- 
viously described and was removed after 
40 days. Much trouble was experienced 
in keeping it on effectively. Periodic spin- 
ographs showed that the graft was matin- 
taing itself. It finally formed a good bony 
bridge between the involved vertebrae. 
The animal was destroyed after six and 
a quarter months and, grossly, the graft 


Fig. 6—This spinograph 
demonstrates an H graft 
one week after surgery 
in 1953 on experimental 
dog 4. After three 
months, the graft was 
largely replaced by car- 
tilaginous and fibrous 
tissue which was adding 
no support to the spinal 
column. A longer post- 
operative period possibly 
would have shown better 
fusion. 
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Fig. 7—This spinograph 
was taken six and a half 
months after transplanta- 
tion of the wedge graft 
in experimental dog 10. 
A massive and solid fu- 
sion had occurred be- 
tween the spinous proc- 
esses in which the wedge 
graft had been placed. 


looked secure and well established. The 
Kirschner wire segments were securely in 
place and were causing no reaction. The 
graft was adding rigidity to the spinous 
area (fig. & In the histological sections, 
fragments of bone graft tissue were be 
ing removed by osteoclasts. Considerable 
amounts of fibrocartilage and new bone 
had developed around the remnants of 
the graft. 

Experimental dog 13 was a 10-lb. male 
of mixed breeding, 3 months old. A> rib 
section was utilized as an oniay graft on 
the articular processes of 11.-2L vertebrae 
The graft was secured with No. 00 stain 
less steel wire sutures. A small bone plate 
(S$ em. long) with Wilson laminectomy 
bolts was placed on the respective spinous 
processes as a means of immobilization 
(1L-2L). The periosteum of the graft was 
peeled off the contact surfaces. Periodic 
spinographs were not diagnostic since the 
bone plate largely obliterated the graft; 
however, there seemed to be a gradual fill 


Fig. 8—This spinograph 
was taken six and a quar- 
ter months after a sec- 
tion of rib of experi- 
mental dog 9 had been 
placed as a single onlay 
graft on the lateral side 
of the dorsal spines and 
secured in place with 
heavy wire. Good fusion 
and rigidity was estab- 
lished. 
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ing in of bone below the plate in the region 
of the graft. Progress was satisfactory 

The dow was destroved after seven 
months. The plate aud bolts were firmly 
in place and were affording excellent ri 
wiclity llowever, the bone vraft seemed 
soft and was not well incorporated inte 
the parent bone. Histologically, the trans 
plant had largely been reabsorbed and 
cartilage and new bone was being laid 
down, The area adjacent to where bone 
plates had been applied showed a marked 
inflammatory reaction 

Experimental dog 14 was a 40-1b. male 
of mixed breeding, from 2 to 3 years old 
An onlay graft was secured to the bodies 
of the 3L, and 41, vertebrae with bone 
screws. These screws were a half inch long 
and were placed into the graft and = the 
vertebrae after a hole (Yy-in. dia.) had 
been drilled through these structures. A 
Wilson No. 1 laminectomy plate was se 
cured to the 3, and 41, spinous proce 
esses by laminectomy bolts. This plate 
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was to serve as a means of immobiliza- 
tion. The periosteum was seraped back 
from contact surfaces. Periodic spino- 
graphs showed that the bone graft grad- 
ually lost much of its density. A ventro- 
dorsal view revealed a substantial amount 
of bone left in the graft. The clinical 
progress was satisfactory. 

The dog was destroyed after six 
months. On gross appearance, the graft 
had shrunken but had incorporated itself 
fairly well. The union of the graft to 
the parent bone was not entirely firm 
when the serews were removed. The good 
rigidity present with the plate and the 
graft screws in place was largely lost 
when the plate and screws were removed. 
The microscopic sections revealed no orig- 
inal bone graft tissue but moderate pro- 
liferation of periosteum with slight bone 
formation. 

Experimental dog 12 was an &-lb. fe- 
male of mixed breeding, about 2 to 3 
months old. A rib section was cut into 
two similar sections and one was placed 
on each side of the spinous process of 11, 
and 21, (double onlay graft). The peri- 


osteum of contact surfaces was peeled 


back and the grafts were secured by No. 


Q stainless steel wire sutures. Aire-cast 
was applied to the thoracolumbar trunk. 
The progress was satisfactory; however, 
the cast, which had to be replaced fre 
quently, was observed to give little immo- 
bilization. It was removed after eight 
weeks. Periodic spinographs revealed a 
gradual regression in size of the graft but 
bone formation and fusion were evident. 

The dog was in good condition when 
destroyed after seven months. The grafts 
were well established but added only 
slight rigidity to the spine since they 
were not particularly heavy or large. 
Ilistologically, some fragments of bone 
graft tissue were being removed by osteo- 
clasts. Considerable amounts of fibrocar- 
tilage and new bone had developed around 
some remnants of the graft. 

Bone Grafts Without External Fira- 
tion, Experimental dog 5 was a 12-Ib. 
male of mixed breeding, 2 to 3 months 
old. A rib onlay graft was placed on the 
Il, and 2L spinous processes after the 
periosteum was peeled back from contact 
surfaces. Kirschner wire (0.045 in. dia.) 
was drilled through the spines and the 
graft; it was then eut and clinched tightly 
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by means of heavy forceps. No cast was 
applied. 

The progress was satisfactory. Periodic 
spinographs showed the graft in place 
and maintaining its density. Spinographs 
taken at five and one-half months revealed 
a good ‘‘take.’’ Ilowever, the dog was 
missing from its exercise run on the day 
it was to be destroyed. 

Experimental dog 6 was a 25-lb. male 
of mixed breeding, 2 to 3 years old. A 
rib section in the form of an Hl graft was 
placed between the 1l, and 21, spinous 
processes in a horizontal position. The 
dorsal spines were notched so that this 
graft would maintain its position. <A 
small onlay graft was placed on each side 
of the spines in addition to the H graft. 
These onlays were not secured and a cast 
was not applied. The progress was satis- 
factory. Spinographs showed the H graft 
to be well in place, becoming well estab- 
lished, and maintaining its density. The 
onlay grafts were not clearly seen. The 
graft was lost after three and one-half 
months of observation. 

Experimental dog 7 was a 45-lb. male 
of mixed breeding, 7 to & years old. A rib 
section onlay graft was applied to the IL 
and 2 vertebrae where the lateral proc- 
esses join the bodies. The graft was se- 
cured by nonthreaded intramedullary pins 
(Yq in. dia.). These pins were drilled 
through the graft into the bodies of the 
vertebrae and the excess pin was removed 
with a pin cutter. No cast was applied. 
After two weeks, a spinograph showed 
that the posterior pin had loosened and 
migrated ventrally. Spinographs over a 
period of three months did not reveal a 
good graft. The dog was accidentally de- 
stroyed in another experiment. 

Necropsy showed a good take of the 
graft at the point of contact of the re- 
maining pin. The end of the graft where 
the pin was loose was not in place and was 
disintegrating. A histological study was 
not made. 

Experimental dog 8 was a 
of mixed breeding, 3 years old. The rib 
section was placed between split sections 
of the 1L,-2L spinous processes in a wedge 
graft style. The cortical side of the graft 
was stripped of its periosteum. The graft 
was secured in place with No. 00 monafil- 
ment nylon suture. No cast was applied. 
The progress was satisfactory. Periodic 
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spinographs showed the original graft to 
be disintegrating; however, a secondary 
exostosis was developing in its place. 

The dog was destroyed after six and 
one-half months. The graft seemed incor- 
porated but the major support seemed to 
be from the exostosis in the area. The 
area was quite rigid and stable. Ilisto- 
logically, fragments of graft tissue were 
being removed by osteoclasts while consid- 
erable amounts of fibrocartilage and new 
bone were developing around the areas of 
bone graft. 


SPINAL FRACTURE IMMOBILIZATION 


The production of spinal fractures was 
a problem of deep concern in this in- 
vestigation. It was decided that the most 
standard, humane, and efficient method 
was to surgically remove the entire bony 
support of the spinal cord. Here the dor 
sal and lateral laminae of the bony canal 
were removed with mastoid rongeur for- 
ceps and the intervertebral dise space 
entirely disarticulated. The spinal cord 
and its coverings were the only structures 
holding the spinal column together. 

Fractures Immobilized with Bone Plates 
Placed on the Spinal Column. — Experi- 
mental dog 19 was a 10-lb. female of mixed 
breeding, 6 to 8 weeks old. The spinal col- 
umn was disarticulated at the 21-31 level. 
A small bone plate (5 em. long) and 
laminectomy bolts were applied to 1L, 2b, 
and 31, spinous processes. The progress 
Was satisfactory and the dog was walking 
the day after surgery. Periodic spino- 
vraphs revealed good reduction alignment 
of the fragments and satisfactory immobil 
ization throughout the observation period. 

After three months, the dog was de- 
stroyed. The bolts were securely in place 
and were difficult to remove, Grossly, the 
cord looked normal, Histological sections 
revealed minimal degeneration of the dor- 
sal and ventral white substance as indi- 
cated by occasional round single vacuolar 
spaces, 

Experimental dog 20 was a 15-lb. female 
of mixed breeding, about 2 years old, The 
1L-2L space was disarticulated and a small 
bone plate (5 em.) was placed on the 1L 
and 21, spinous processes and was secured 
with serews. The day after surgery, there 
appeared to be a marked spinal displace- 
ment and a spinograph revealed that the 
cord had been severed by displacement of 


the plate. After euthanasia, necropsy re- 
vealed that one screw and part of a spi 
nous process had broken off; the other 
screw was loose. No histological study 
was made, 

Experimental dog 21 was a 15-lb. female 
Terrier, 1 year old. The 2L-3L, space was 
disarticulated and a small (5 em.) vital 
lium bone plate was placed on the 2L, and 
3L, lateral processes by means of screws. 

Progress was not satisfactory, and five 
days after surgery the dog was destroyed 
because of spinal pain and paraplegia 
The spinograph showed a gross displace 
ment of the vertebrae with resulting pres 
sure on the cord. Necropsy revealed that 
both screws were still in place; however, 
the anterior one in 21, was loose and al 
lowed this vertebra to become displaced 
dorsally. A histological study was not 
made. 

Experimental dog 22 was a 3O-lb. fe 
male, 2 to 3 years old. The 21-31, space 
was disarticulated and two large Wilson 
laminectomy plates were secured with 
bolts to the 1L, 2L, and 3L, spinous proe 
esses. The bolt and part of the 3L, spine 
became loosened approximately three 
weeks after surgery. This resulted in up 
ward displacement of approximately 5 
mm. However, in a few weeks the dog 
compensated for this pressure and at 
the time of necropsy was quite normal, 
clinically. 

After five months the dog was destroyed 
Much bony callus and exostosis were pres 
ent around the break. A’ seetion of the 
cord was taken at the 2L-3L interverte 
bral space. Histologically, the ventral and 
lateral columns showed areas of moderate 
nerve damage. The white substance con 
tained large scattered vacuoles, fragments 
of tissue debris, and occasional phagocytes 

Experimental dog 23 was a 45-lb. fe 
male hound, 43 to 4 years old. The 21-31, 
space was disarticulated and immobilized 
by using two bone plates bolted to 21, and 
41, spinous processes ; a bone plate 10 em 
long was on one side of the spine and a 
plate 6 em. long on the other side. The 
progress was entirely satisfactory. Spino 
graphs showed that a good reduction of 
fragments had occurred (fig. 9) 

The dog was destroyed after four 
months. The plates were surrounded by 
bone and fibrous tissue and were most 
difficult to remove. The floor of the spinal 
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cord was smooth. A histological study was 
not made. 

Fractures Immobilized by Other Means. 

Experimental dog 24 was a 15-lb. tan 
female Spaniel, 3 years old. The 2L-3L 
intervertebral space was disarticulated. 
The immobilization procedure consisted 
of drilling a hole in each spinous process 
and placing a double strand of No. 00 
stainless steel wire through the holes to 
hold the two vertebrae steady. The prog- 
ress was satisfactory. No abnormal loco- 
motion was The periodic spino 
graphs revealed good apposition and heal- 
ing. The dog was observed clinically and 
radiographically for three months. At the 
time of proposed necropsy, the dog had 
disappeared, 

Experimental dog 25 was a 25-lb. fe- 
male of mixed breeding, about 6 months 
old. The 2L-3L space was disarticulated 
in the usual manner. The fixation con- 
sisted of a heavy plaster of paris cast 
applied to the thoracolumbar area. The 
dog was semiparalyzed at first but was 
walking at the end of ten days. She im- 
proved gradually until entirely normal. 
The plaster of paris cast did not harden 
and stayed semisoft. The cast was re- 


seen, 


moved in a week and was replaced with 


is some doubt as to 
of the immobilization 
casts since none fitted well. The cast was 
removed at the end of four weeks. The 
periodic spinographs showed good apposi- 
tion and a gradual healing. 

At necropsy, after three months, heal- 
ing had taken place; however, there was 
some constriction of the cord at the frae- 
ture Histological examination — re- 


an aire-cast. There 
the exact efficiency 


site, 
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involving a 
in both 
The 


degenerative changes 
nerve fibers 
substance. 
scattered 
Some of 


vealed 
moderate number of 
dorsal and ventral white 
white substance contained elon- 
vated vascuolar these 
were empty, others contained intact vacu- 
oles, fragments of axones, or foamy phago- 
cytic cells. Interpretations of the findings 
indicated moderate demyelination and, to 
a lesser degree, of axone degeneration in 
the white substance of the cord. 

Experimental dog 26 was a 15-lb. fe- 
male of mixed breeding, 2 to 3 years old. 
The 3L-4L space was disarticulated. An 
effort to immobilize the area was made by 
placing a 5-cm. bone plate on the ventral 
vertebral surfaces by means of a laparo- 
tomy incision. However in placing the 
in the vertebral bodies, the vena 
cava was injured and the dog was de- 
stroyed. This approach was considered 
as a possible but a dangerous one. 


spaces. 


screws In 


DISCUSSION 


The bone grafts appeared to take better 
in those cases which had immobili- 
zation. However, placing casts on dogs 
is extremely difficult and many of these 
dogs spent as much time out of the cast 
as in, since the cast would become loose 
and inadequate. Even when placed snugly 
on a female, it provided only partial im- 
mobilization. 

Of the dogs with bone grafts without 
any external immobilization, 3 were lost 
from the exercise runs. However, spino- 
graphs of these dogs indicated that good 
unions were in progress. If we assume that 
the bone grafts in these lost dogs were 
successful, then five of eight were satis- 


some 


Fig. 9—In the fracture 
immobilization of experi- 
mental dog 23, the 2L-3L 
space (arrows) was dis- 
articulated completely. 
Immobilization was ef- 
fected by using a bone 
plate (6 and 10 cm. long) 
on each side of the spi- 
nous processes which were 
secured to the 2L and 
4L spinous processes with 
bolts. 
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TABLE 2—Results of Bone Graft and Fracture 
Immobilization Methods 
Satisfac 
tory 
( No.) 


Poor 


(No.) 


Fair 


Method (No 


Kone graft without external 
immobilization 

Hone grafts with external 
immobilization 

Kone grafts with bone plates 
on vertebrae 

tone plates on normal dogs 
Plates and screws to dorsal 
spinous processes 

Plate and screws to ventral 

of vertebral bodies 

plate 


surface 
Wilson laminectomy 
and bolts 
Simulated fractures 
Viates and bolts, dorsal spines 
Viates and screws, dorsal spines 
Plates and screws, lateral processes 
lates and screws, ventral surface 
of vertebral bodies 
Wiring dorsal spines together 
Vlaster and aire-cast to body 


surface 1 


Probably difficult’ tech 


nique 


satisfactory, no necropsy 


factory, two fair, and one poor, Since the 
results of those with immobilization seem 
better, means of external fixation 
seems indicated. 

In those dogs in which bone plates and 
bolts were placed on the adjacent spi 
addition to the graft, 
the results were not encouraging. In 2 
dogs in this group, one graft resulted in 
a fair take and one in a poor take. Again, 
the number involved is small but indica 
tions are that the complete immobiliza- 
tion gained by this method is not advan- 
tageous for the bone graft. It would seem 
as if some movement is necessary for a 


some 


nous processes in 


Fig. 10—Spinograph of a 

compression fracture of 

the 4L vertebra of a 2- 

year-old male dog (clin- 
ical case 1). 
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take. However, the support gained by 
use of a plate is immediate, whereas sup- 
port from a fusion or graft does not take 
place until six to 12 months have elapsed 
(tables 2 and 3). 

The onlay-type graft was the most fre 
quently applied. In consulting table 3 and 
the context, it will be that in both 
animals, wedge grafts produced a second 
ary and bone formation that 
gave an excellent support and rigidity to 
the area. From a clinical standpoint, the 
wedge graft seems to give the most sup 
port to the spine. Whether this bone will 
continue to proliferate exuberantly over a 


seen 
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TABLE 3—Results with Different Types of Grafts 


With 
ternal 
Method ast 


Satisfactor 
Fair 

(inlay 

to the 
Satisfactor 
Fair 
Poor 

Wedge 
Satisfactor 

H 
Satisfactor 


Poor 


grafts with plates bolted 


SPINOUR Processes 


Giave best support and rigidity because of secondar 


longer period could not be determined in 
this observation. The other type grafts 
listed as satisfactory were ‘‘good”” takes 
but the graft itself was usually not large 
enough to supply much support to the 
spinal column, 
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The fracture immobilization methods 
on simulated fractures demonstrated that 
and plates placed anywhere on 
the spinal column were not satisfactory. 
Plates and bolts well placed on the dor 
sal spines were satisfactory if the extreme 
stress applied to it did not break the dor 
sal spine. To avoid this stress, it might 
be well to use an external splint on large 
Wiring the dorsal spines 
together was successful in 1 male dog, and 
plaster and aire-cast was successful ina 
female; however, these were small dogs. 
According to the results of plates and 
bolts on three clinieal cases, 2 of which 
were successful and 1 fatal (due to com 
plications), this method would seem to be 
preferable, It might be advisable in some 
to combine more than one method, 
such as wiring dorsal together, 
plating the dorsal spines, possible 
external splintage as well. 

Clinical Cases with Spinal Fractures 
Case 1—A 2-vear-old male dog of mixed 


SCTeWS 


dogs, if possible. 


CHSOS 


spines 
and 


Fig. 11—Spinograph of 
clinical case 1 taken four 
weeks after fixation of 
the compression fracture 
with Wilson laminectomy 
plates and bolts (the 
bolts do not show on a 
lateral view). Notice the 
callus formation. 


breeding was hit by a car and _ initially 
showed drooling, subconjunctival hemor- 
rhage in the right eye, nystagmus of both 
eyes, severe abdominal pain, and cyanosis. 

The animal was placed under observa- 
tion, after a diagnosis of brain concussion, 
and was treated for shock. In 24 hours, 
it seemed improved but still had extreme 
pain in the abdomen. After eating a full 
meal, the dog would cry in pain for 15 
to 30 minutes. He was able to stand, but 
moved his hindlegs reluctantly. 

A normal contrast spinograph (fig. 10) 
revealed a fracture of the 41, vertebra 
with a dorsal displacement of the verte- 
bra sufficient, it would seem, to cause a 
paralysis. 

Treatment.—Sinece the dog was not to- 
tally paralyzed, a reduction was attempted. 
The results of previous experimental work 
indicated the application of a pair of 
Wilson laminectomy plates for spinal im- 
mobilization. 

An incision, approximately 6 inches in 


Fig. 12—Spinograph of 
the ventrodorsal view of 
the fixation of the com- 
pression fracture in clin- 
ical case 1 (fig. 10, 11). 


> 
if 
4 
Gea 
4 
2 


Am. J. Ver. Res VERTEBRAL IMMOBILIZATION IN THE 


1956 


Fig. 13—Spinograph of 

clinical case 1 taken eight 

weeks after correction of 

the compression fracture. 

Notice the complete cal- 
lus formation. 


length, was made directly over the fourth 
lumbar spinous process. The musculature 
was removed from the 4L, 5L, and 61 spi 
nous processes by blunt dissection. A No. 
1 Wilson laminectomy plate was then laid 
on each side and secured with bolts placed 
in 6L, and 4L spinous processes. During 
this manipulation, the dorsally displaced 
fragment was forced ventrally in an effort 
to remove pressure on the cord (fig. 11 to 
13). 

The animal chewed the incision open on 
the third day, but it was resutured and 
recovery was satisfactory. In three days, 
the dog was walking normally. The post 
operative care included the administrations 
of mephenesin, thyroid, and calcium. Four 
weeks after surgery, the dog appeared en 
tirely normal. A spinograph taken eight 
months later showed that the fractured 
vertebra was healed. An anteroventral 
bony bridge to the adjacent vertebra was 
being formed to further immobilize the 
section (fig. 14). 

Case 2.-A male Boston Terrier, 3 years 
old, had shown complete posterior para- 


Fig. 14—Spinograph of 
clinical case 1 taken eight 
months after correction 
of the compression frac- 
ture. Notice how com- 
plete healing has taken 
place with a marked ven- 
tral spur (spondylitis) 
occurring. 


plegia for one week. The signs included 
urine and fecal retention, spastic para 
plegia, exaggerated tendon reflexes, and 
extreme pain in the midthoracic spinal 
segment. 

spinograph revealed a compression 
fracture of the 6T vertebra, causing a 
compression myelitis 

Treatment consisted of placing a No. 1 
Wilson laminectomy plate on the spinous 
processes with bolts in 5T and &T (fig 
15). This plate immobilized the spinal 
segment and afforded a chance for heal 
ing. During the six months following sur 
gery, the dog gradually improved until he 
could walk well but could not defecate and 
urinate entirely normally. 

Case 3.—A bitch, 5 years old, hit by a 
car three days previously, showed a spas 
tic paraplegia, urine and fecal retention, 
and severe pain in the region of the 12th 
thoracie vertebra 

The spinograph revealed a narrow in 
tervertebral space at JIT-12T, slight 
compression fracture of the 12T vertebra, 
and a separation of the articular proe 


107 4 
= 
; 
i 
3 


F. Horr tein im. J. Ver. Res 


the 117-121 vertebrae. This re 
sulted in a pronounced kyphosis, undoubt- 
edly due to ruptured ligaments, pain from 
pressure, and trauma to the cord, 

Treatment consisted of a dorsal lami 
nectomy at 1IT-12T to remove the bone 
fragment pressing on the cord. Stainless 
steel plates, one 7.0 cm. and the other 12.5 
em. in length, were placed on each side 
of the spinous processes of the involved 
vertebrae (fig. 16). There plates were se 
cured to the 12T and the 9T spines by 
means of Wilson laminectomy bolts. Aire 
cast splintage, extending from the shoul- 
der to the flank regions, was used on the 
abdomen. 

The animal died 12 hours following sur 
gery, apparently because of its poor physi 


esses of 
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a 


hed Fig. 15—Spinograph of 
clinical case 2 showing a 
compression fracture of 
6T vertebra which was 
immobilized with a Wil- 
son laminectomy plate 
bolted to the 5T and 8T 
spinous processes. 


cal condition, spinal shock, and possible 
interference with respiration caused by the 
eXtensive casting. 

The method of spinal reduction un- 
doubtedly would have been satisfactory ; 
however, because of the duration of the 
injury, the animal’s eventual recovery 
Was in question, 


DisCUSSION OF CLINICAL CASES 


Of the three cases presented, two termi- 
nated successfully and the other dog might 
have recovered if it had survived the sur- 


gery. It can thus be stated that a select 

group of spinal fractures can be corrected 

under some of the following conditions: 
1) The have surgical re 


animal must 


Fig. 16—Spinograph of 
clinical case 3 showing a 
compression fracture of 
12T vertebra (arrow) 
with bone plates bolted 
to 12T and 9T spinous 
processes. 
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pair as soon as possible after the injury, 
preferably within a few hours. 

2) The fracture must have only a slight 
degree of vertebral displacement; a sev- 
ered spinal cord has little chance of repair 
Therefore, compression fractures have the 
most favorable prognosis. 

5) If a bone fragment is causing pres- 
sure on the cord, it should be removed by 
means Of a hemilamineetomy or a dorsal 
laminectomy. 

4) Immobilization of the fractured ver- 
tebrae should be accomplished by means 
of bone plates and bolts and, if the dog is 
large, by additional external splintage. 

Supportive aftercare is needed to 
maintain defecation, urination, and good 
nutrition; to avoid decubital ulcers, and 
to combat secondary infection. 


SUMMARY AND CONCLUSIONS 


1) Methods of spinal immobilization by 
means of bone grafts were studied in 14 
dogs. Various types of bone grafts, with 
and without efforts of spinal immobiliza 
tion, were employed. As far as a ‘‘take”’ 
was concerned, there was little difference 
in onlay, wedge, and H-type grafts. How- 
ever, the secondary bone proliferation in 
the wedge-type grafts gave the best immo- 
bilization and fusion of vertebrae. Some 
additional support to the back, while the 
graft was being established, was desirable 
for best results. However, the profound 
immobilization of the vertebrae accom 
plished by the additional placing of bone 
plates and bolts to the spinous processes 
was not satisfactory for a bone graft. Ap 
parently some slight motion is desirable 

2) Vitallium and stainless steel plates 
placed on 4 dogs with normal vertebrae, 
by means of screws and bolts of the same 
material, were well tolerated by the tissue 

3) Methods of spinal fracture immobili 
zation were tried in & dogs which were 
subjected to simulated spinal fractures by 
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surgically removing the bony laminae of 
the spinal canal and severing the inter- 
vertebral dise structures at a certain dise 
level. The spinal meninges and cord were 
the only support of the spinal column at 
this point. The results when plates and 
bolts were applied to spinors processes, 
were excellent except in dogs which were 
too young or too large, so that stress ap- 
plied to the plate might break the spi- 
nous process. Additional wiring of the 
involved spinous processes, as well as 
additional external splintage, was help- 
ful. Plates and screws were entirely un- 
satisfactory. 

4) Of three clinical cases of eompres- 
sion fractures of the spinal column, two 
terminated successfully. Indications for 
surgical correction for spinal fractures 
are outlined. 
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Studies on Experimental Canine Interstitial Nephritis 
Il. An Attempt at Functional-Morphological 
Correlation in Damaged Kidneys 


C. E. STEVENS, D.V.M., M.S.; A. F. SELLERS, V.M.D., Ph.D.; J. J. CLARK, D.V.M. 


St. Paul, Minnesota 


Dur vo THe widespread incidence of canine 
interstitial nephritis and the need for more 
information on the functional-morphologi- 
cal development of the lesions, an attempt 
was made to devise an approach to this 
type of study. A series of experiments 
undertaken to develop such a method has 
been deseribed.' In that study, it appeared 
that lithium carmine, and to a lesser ex- 
tent Staphylococcus aureus toxin, showed 
some promise as tools for inducing the 
interstitial lesion in rather definite in- 
crements. It was found that dogs 
with surgically explanted urinary blad- 
ders made promising chronie preparations 
and allowed the nephrotoxie agent to be 
injected into renal artery, thus. re- 
taining the opposite kidney as a control. 

With this in mind, a series of animals 
wus used to test each of these agents. These 
animals were studied by means of clinical 
urinalysis, urinary clearance and 
postmortem examinations in an attempt 
to correlate renal functional changes with 
any change in kidney structure. 


also 


tests, 


Mernop 


Right female dogs were used to test the effeet 
of lithium ecarmine * and 
toxin.** These animals ranged in weight from 30 


Staphylococcus aureus 


to 60 Ib. and were separated into two groups, one 
group of 5 used to test lithium carmine and the 
second group of 3 used to test the toxin, 

The urinary bladders of these animals were ex 
wall of the 
collection of 


planted to the ventral abdomen to 
facilitate the separate 
each kidney.’ These operated dogs were kept in 


individual box stalls, and the floor of these stalls 


urine from 


har 


niver 


Physiology an 
Patholo 


From the Division of Veterinary 
macology, and Division of Veterinary 
sity of Minnesota, St. Paul 

From a thesis submitted by the senior 
Graduate School, University of Minnesota, in partial ful 
fillment of the requirements for the degree of Master of 
Soence 


author to the 


publication by the director, Minnesota 


Approved for 
Agricultural Experiment 
series article 3495 

The authors wish to express their appreciation to Dr 
J. HW. Sautter for taking the photomicrographs included 
in this study. They also want to thank Dr. W. M. Dick 
son for his aid in the statistical evaluation of the clear 
ance data 

* Hartman Leddon Co., 
tion was used.) 

** Method of standardization described previously 


Station, «as journal 
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Philadelphia, Pa. (a 5 solu 


clevated lattice 
used for 


was covercd with straw, plat 
floor to be 


and 


form was placed on the 


resting and sleeping The straw platform 
helped to minimize skin irritation from urine. 
Renal clearance tests consisted of two pretreat 
two post-treatment trials of inulin, so 
(PAH), 


this purpose the unan 
modified 


ment and 


dium peaminohippurate and endogenous 
cventinine clearanees. For 
esthetized animal was restrained in a 
Pavlov-type sling, and a special device was used 
individual from the 
kidney 


colleeted 


for collecting urine samples 
left and right 


ples were 


(fig. 1). These urine sam 


over 15-minute periods and 


measured by use of a 50-ml. graduate. 


substanee was made bys 
through a 


placed in the external jugular 


Injection of the test 


continuous intravenous infusion poly 


ethylene eatheter 


vein, The injection was made by the mereury dis 


placement method (tig. 2) and was performed in 
The coneentration of inulin remained 
during both 
sodium p-aminohippurate was administered at two 
different 
being 


two phases. 


constant injection phases, but the 
concentrations, the higher coneentration 


used to test maximum tubular exeretion. 
Three urine collections were made at each pamino 
hippurate blood level, 

Blood samples ranging from 10- to 15-ml. in vol 
drawn at the midpoint of 
period, The 


heparinized syringe for these samples. 


ume were each urine 


collection blood was drawn into a 


Injections of the nephrotoxic substance were 
made directly into one of the renal arteries during 
The 


a previous publieation.” Onc 


repeated laparotomies. injection proceedure 
has been deseribed in 
change was made, however, in the procedure used 
in the 3 with 


toxin, In 


animals injeeted Staphylococcus 


these animals, the needle was inserted 
and then di 
This 


and ap 


near the renal artery 
that 
the technique of Chinard 


into the aorta 


rected into the lumen of artery, was 


suggested by 
renal artery 


minimize damage to the 


and limit the amount of periarterial adhesions, 


peared to 


Urine samples were taken before treatment and 
These 


then analyzed for specifie gravity, urine pH, albu 


poriodieally during the experiment, were 


min, and urinary sediment 

A systematic necropsy was performed on eneh 
animal. All after 
a rapid examination of the urogenital system, see 
tions were taken from each kidney in This 


was followed by the removal of both kidneys, and 


animals were electrocuted and 


situ. 
the seetion of vena cava and aorta supplying them, 


This allowed a careful examination of 
and its blood supply. If 


as a unit, 
each kidney there was 
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any question as to pateney or other damage, the 
renal vessels were sectioned along with the kid 
neys and other tissues. 

The ureters of these animals were also exam 


Fig. 1—Cups used for the 
separate collection of 
urine samples from left 
and right kidneys. The 
cups are placed over uret- 
eral openings, the string 
is drawn back between 
hindlegs and then passed 
on each side of the tail 
anteriorly to attach to a 
strap halter. The adjust- 
able rubber straps are 
passe forward and at- 
tached to the same halter. 
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ined closely and sections were taken of the liver 
and spleen of all Additional 
were taken of any other tissues which appeared ab 


animals. sections 


normal on gross examination, 


Fig. 2—General experimental procedure used for renal clearance trials. 


Constant infusion mercury pump is at upper left. 


Flasks for collection of separate urine 


samples are at lower left, connected to collection cups strapped to the dog. The dog is 
restrained by modified Pavlov-type dog sling. 
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Sections of all tissues were stained with hema 
toxylin-eosin and, in a few eases, kidney sections 


also were stained with azocarmine. ° 


A summary of the procedures and re- 
sults can be found in tables 1, 2, and 3. 

Series Injected with Lithium Carmine. 
The dogs injected with carmine can best 
be considered as two groups. Those dogs 
viven low level doses of the dye will be 
deseribed in one group and those given the 
higher dosage in the second group 

The 3 dogs treated with the lower dosage 
levels showed much the results on 
urinalysis. Albumin was the 
urine after either the first or second injee 
tion and remained until termination of 
the experiment in each case; however, it 
decreased in the days following the injee- 
tion. It was seen in the urine from both 
kidneys of dogs 24 and 25 but was always 
in higher concentration in the samples 
from the treated kidney. Kpithelial cells 
appeared in the urine from the treated or- 
yan after the second or third injection in 
all 3 dogs, and these were joined by hyaline 
casts in dog 25 and leukocytes in dog 26. 


same 
present in 


Dog 25 showed a relative decrease in the 
specific 


gravity of the urine from the 
treated organ after treatment, while dog 
24 showed a relative increase in urinary 
concentration (table 1), 

As a group, the dogs treated with the 
lower dosage level of lithium carmine 
showed no significant change in the rate 
of glomerular filtration or of renal plasma 
flow (table 2) after treatment. This was 
true of both the total (right kidney plus 
left kidney) clearance values and the in- 
jected /noninjected kidney clearance ratios. 
However, the total postinjection renal clear- 
ance values of dog 24 did show a signifi- 
cant * decrease in the glomerular filtration 
and renal plasma flow when compared to 
the preinjection values (Student’s ‘‘t”’ 
test). Also, there were indications of a rel- 
ative decrease in filtration rate and renal 
plasma flow of the injected kidney of dog 
24 and in the filtration rate of dog 26. 
However, a relative increase in these values 
was indicated for the injected organ of dog 
25. The filtration fraction of each of these 
animals dec: ased following treatment. 

The TmPAH ** values determined for 
these 3 dogs, as well as those determined 


0.05 (PATI); ** maxi 
for para aminohippuri« 


(creatinine); P 
capacity 
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mum tubular excretory 
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on the .rest of the animals in the experi- 
ment, were higher than values determined 
by other authors and showed large varia- 
tion between samples from the same dog. 
No attempt was made to analyze them 
statistically. 

The extrarenal lesions seen in these ani- 
mals consisted of a generalized thickening 
of the intestinal wall and hypertrophy of 
the Peyer’s patches and mesenteric lymph 
nodes. All 3 dogs had adhesions in the 
region of the injected renal artery, but the 
vessels appeared undamaged. 

Dogs 25 and 26 each had a small carmine 
stain on the internal surface of the renal 
pelvis but, other than this, no essential dif- 
ference could be seen between the injected 
and noninjected kidneys of the 3 dogs in 
this group. 

The second group of dogs consisted of 2 
animals, dogs 27 and 28, each of which was 
given 0.3 ml. of lithium carmine per pound 
of body weight. Albuminuria was again a 
common aftermath of the injections. This 
was seen in the samples from both treated 
and control kidneys and often was joined 
by epithelial cells in both samples. Hyaline 
casts appeared in the urine from the in- 
jected kidney after the first injection of 
dog 27 and after the second injection of 
dog 28. These persisted, although some- 
times sporadically, until terminus in each 
case, Perhaps a more definite indication of 
kidney damage, however, was the change 
in the relative ability of the two treated 
kidneys to concentrate and eliminate water. 

The fifth day after the second injection 
of dog 27, water was given orally and the 
urine was collected over a 20-minute pe- 
riod. During this period, a volume of 151 
ml. (sp. gr. 1.003) was excreted from the 
control kidney and a volume of 10.4 ml 
(sp. gr. 1.001) was collected from the in 
jected kidney. A dilution test run 12 days 
after this second injection gave the follow 
ing results. Over a period of 3 hours and 
37 minutes, 648 ml. was collected from the 
control kidney and 64 mil. from the injected 
kidney. Specific gravity measurements pre 
vious to the administration of water were: 
control kidney, 1.045; experimental kidney, 
1.025. Although the specifie gravity then 
was measured every 15 minutes for the next 
3.5 hours, neither kidney was capable of 
concentrating the urine beyond a specific 
gravity of 1.018. 

A dilution test also was run 28 days 
after the third injection of dog 28. During 
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TABLE 2—Averages of the Total Clearance Values (Right Kidney Plus Left Kidney) of 

Each Animal Before and After Treatment, and the Ratio of the Treated Kidney Versus Non- 

treated Kidney Renal Clearance Values (Total Clearance Values Given in Milliliters per Minute 
per Square Meter of Body Surface) 


(Creatinine 


rotal Total 


(CARMINE 


24 before 1.05 
24 after 2 1.15 

1,10 
25 after 0.93 


25 before 


26 before 0.61 
26 after 101 
0.71 


27 before 
27 after 
28 before 


28 after 


o.u4 
STAPH V 


before 
10 after 1.36 


before 


t2 after 


1 16 
Cer clearane creatinine Cran clearance 
a 2-hour and 40-minute collection period, 
the control kidney excreted 275 ml. of urine 
while the injeeted kidney excreted 115 ml. 
At the end of three hours, the specific grav- 
ity had returned to 1.010 in the sample 
from the injected kidney and 1.023 in the 
sample from the control kidney. 

A significant difference could be shown 
between the preinjection and the postinjec- 
tion clearance values of these 2 dogs (table 
2). The total amount of glomerular filtra- 
tion and renal plasma flow of both kidneys 
and the relative (and actual) 
ability of the injected kidney to perform 
these functions decreased markedly. This 
was confirmed by an analysis of covari 
ance in whieh postinjeetion values were 
adjusted for preinjection differences. The 
total (left plus right kidney) filtration 
fraction showed an increase after injection 
of dog 27, but no change in filtration frac- 
tion was noted in Although as 


decreased 


dog 28. 


\thets 


Imulon minohippur acid 


Cont, kid Cont. kid 


Treat. kid 


TREATED 


mo 

TREATED 
270 
1.40 120 
lao 


para aminohippurtc acid 


excretion were not analyzed statistically, 
there was a definite indication of a rela 
tive and actual decrease in’ the tubular 
function of the injected kidneys of these 
animals 

Extrarenal these 2 animals 
consisted of the same intestinal thickening 
and lymphatie hypertrophy and adhesions 
near the site of arterial injection, The only 
other lesion noted was a small thrombus, 
approximately Lem. in diameter, located 
in the right atrium of dog 2S 

On gross examination, the control kid 
neys of both dogs were essentially normal 
and the injected kidneys of both were 
stained red throughout their parenchyma 
However, except for this stain, the kid 
neys from the 2 dogs differed quite mark 
edly. The injected kidney of dog 27 was 
contracted and a= lighter than the 
control organ. Also, near one pole a dark 
staining circumscribed area occupied about 


lesions in 


eolor 


previously stated, the data on tubular lem. of space in the medulla, The injected 


TABLE 3—Pretreatment Renal Clearance Values Determined on the 5 Dogs Treated with 
Lithium Carmine 


Mean glomerular 
filtration rate Renal plasma flow 


mi. mi. om? 


Test 
substance 


Number of 


observations 


(if dogs individual 


kulneye tested 


Of individual 
kidneys tested 


Of dows 


tested tested 


(Creatinine + 25 
Inulin 67 + 18 


P-amino-hippuric acid 21 156 4 178 + 47 


* This represents the total number of observations made 5 dogs. The 
made on individual kidneys would be twice this 


** Standard deviation 


on the number of observations 
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kidney of dog 25 was approximately the 
same size as the control organ. The only 
major difference between the two kidneys 
of this dog on gross examination was the 
lighter color of the injected kidney’s cortex. 

Microscopic examination further empha 
sized the structural changes in the treated 
kidneys of these dogs. The circumseribed 
medullary lesion in the kidney of dog 27 
consisted of connective tissue, and the cor- 
tex above this area showed a few areas of 
complete necrosis suggesting anu infarct. 
Sections of the renal artery were examined 
and in one of these sections the continuity 
of the endothelium appeared to be broken 
and erythrocytes were present in the sub 
endothelial tissue. 

Sections taken from the injected kidney 
of dog 27 outside of the circumscribed 
lesion described above were uniform and 
quite different in’ character from those 
taken within this lesion (fig. 3). Some of 
the tubules were dilated with atrophic 
epithelia and a large number of tubules 
was seen to contain epithelial cells ino va 
rious stages of degeneration and their tu 
mens were filled with cellular debris and 
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casts. Foci of lymphocytes were scattered 
throughout the cortex, disposed in peri- 
tubular, periglomerular, and perivascular 
accumulations. Some connective tissue in- 
filtrations were noted on differential stain- 
ing. The glomeruli, in a few cases, showed 
a hypertrophy of their epithelial cells and 
increased thickness of the basement mem- 
branes, but the great majority appeared 
normal, 

The injected kidney of dog 28% showed 
more chronic lesions (fig. 4). Mononuclear 
cell infiltrations were less prominent and 
much more connective tissue was seen, in 
some places replacing tubules. There was 
a greater number of tubules showing ex- 
treme dilation and the normal epithelial 
cells of these tubules had been replaced 
with atrophied or new immature cell types. 
The control kidneys of dog 27 and dog 28 
both appeared essentially normal. 

Series Injected with Staphylococeus 
Torin.—The first dog in this series injected 
with the Staphylococcus toxin became very 
ill following the second injection, devel- 
oping an elevated body temperature and 
depression. The eighth day after this in- 


= 


cytic infiltration in upper left portion of photograph and dilation and epithelial atrophy in 
many tubules. Hyaline casts are present in some tubules. Some increase in perivascular con- 
nective tissue can be seen, 
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ts Fig. 3—Photomicrograph of section of injected kidney of dog 27. Hematoxylin and eosin. x 100. 
Be. Section from the cortex at opposite pole from circumscribed lesion. Notice the area of lympho- 
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jection, symptoms of encephalitis appeared 
and the animal was destroyed two days 
later. 

On necropsy, the liver showed chronic 
passive congestion. The lung also was con- 
gested and there evidence of 
edema, proliferation of the bronchial epi- 
thelium, and interstitial pneumonia. The 
control kidney appeared essentially normal, 
but the injected kidney exhibited the usual 
adhesions in the area of the pelvis and also 
was attached by adhesions of its anterior 
pole to surrounding structures. On gross 
sectioning of the kidney, this area near the 
anterior pole was seen to be circumscribed 
and gray. 

The microscopic picture was varied. See- 
tions cut from the region of the anterior 
pole showed partial to complete necrosis of 
the parenchyma, while sections taken from 
the rest of the kidney exhibited areas of 
normal kidney adjoining areas with con- 
nective tissue infiltration and replacement 
of the tubules. These affected portions of 
the kidney also contained seattered foci of 
lyvinphocytes. 


Was some 
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Fig. 4—Photomicrograph of section of injected ki 


destruction or dilation of others. 
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Urinalysis following the injection of 
toxin into this series of animals showed 
albumin and epithelial cells to be present 
in the urine from the injected kidneys. A 
decrease in volume and specific gravity ac 
companied these changes in dog 29, and 
hyaline casts were noted in the urine of 
dog 32. 

Renal clearances determined on dogs 30 
and 32 indicated a decrease in the total 
filtration rate and renal plasma flow of 
dog 30, and relative decreases in the filtra 
tion rates of the injected kidneys of both 
animals and in the plasma flow of dog 30. 
The total filtration rate and plasma flow 
for both kidneys of dog 32 gave no indi 
cation of definite change, and the renal 
plasma flow in the injected organ showed 
a relative increase. The filtration fraction, 
following treatment, showed a deerease in 
one of these dogs and an inerease in the 
other, 

Postmortem examination of dogs 3O and 
32 gave no indication of extra-renal lesions, 
but were present in the tubules of 
both the experimental and control kidneys 


custs 


dney of dog 28. Hematoxylin and eosin. x 100. 
Typical section from cortex showing replacement of some tubules with connective tissue and 


Notice periglomerular connective tissue in some areas and 


perivascular accumulation of lymphocytes in lower center of photograph. Increased separation 
can be seen between glomeruli and capsules. 
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There was also a moderate degree of dila- 
tion of the convoluted tubules in the two 
experimental kidneys. The convoluted tu- 
bules of the control kidney of dog 32 also 
were dilated, but this dilation, and also the 
number of casts in the control kidneys of 
the 2 animals, were less than that seen in 
the injected organs 


Discussion 


An attempt was made to produce inter 
stitial nephritis experimentally in dogs by 
the injection of either lithium carmine or 
Staphylococcus aureus toxin directly into 
the renal artery. This was done on female 
dogs with surgically explanted urinary 
bladders to facilitate separate assessment 
of the funetional ability of the injected 
and noninjected kidney before, during, and 
after treatment. Renal function was deter 
mined by pre- and post-treatment renal 
clearance trials and also by periodic clini 
cal analysis of the urine throughout the 
experiment, The results of these functional 


tests were then studied in relation to the 
morphological changes seen at the time of 


Necropsy. 

Lithium carmine was administered at 
two dosage levels. Three animals were in 
jected with the lower dosage. The presence 
of albumin, epithelial cells and, in one case, 
casts in the urine from the treated kidneys 
following injection indicated that the dye 
was having some effect. Although there 
were some further indications of change in 
renal function as shown by the clearance 
trials, with the exception of the total glo- 
merular filtration and renal plasma flow in 
dog 24, the differences did not prove sta 
tisticaily significant. However, the filtra 
tion fractions caleulated for each of these 
animals showed a decrease after treatment. 

Necropsy of the injected and the control 
kidneys of these dogs showed no apparent 
difference, both kidneys appearing essen- 
tially normal, 

The 2 animals injected with a 
dose of lithium carmine showed a 
profound effeet. Relatively large numbers 
of hyaline casts were seen in the urine 
samples from the treated kidney, and the 
volumes and specific gravities of these sam- 
ples were markedly decreased in compari 
son with samples from the control organs. 
Renal clearance tests gave further indica- 
tion of kidney damage showing a signifi- 
cant decrease in the ability of these ani- 
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mals to filter urine, and also a significant 
decrease in renal plasma flow. This de- 
crease in renal function applied to both 
the total activity of both kidneys after 
treatment and to the relative activity of 
the treated organ versus the control organ. 
The filtration fractions increased following 
treatment of one of these dogs and showed 
no change for the other animal. 

Total glomerular filtration rate and renal 
plasma flow have been calculated for the 
by a number of workers. Houck,® 
using 75 mongrel dogs, found the glomeru- 
lar filtration rate to be 84.4 19.1 ml. /m?* 
(creatinine), while the renal plasma flow 
was 266 + 66 ml. /m*®. Corcoran and Page * 
made 77 observations on 7 female dogs and 
obtained a glomerular filtration rate of 69 
+ 14.4 ml. /m?* (inulin) and a renal plasma 
flow of 250 + 61 mil./m*. Moustgaard 
tested 118 dogs and found a glomerular 
filtration rate of 87 16 ml. /m? (creati 
nine) and a renal plasma flow of 260 + 29. 

Examination of the total (left plus right 
kidney) values achieved by the collection 
procedure used in this experiment shows 
comparable deviations from the mean con 
sidering the small number of animals tested 
and the added error one would expeet from 
collection of individual kidney urine sam- 
ples (table 3). The glomerular filtration 
values determined by endogenous creati 
nine closely approached those found by 
Moustgaard and by Houck while filtration 
determined by the inulin method was close 
to that determined by Corcoran and Page. 
The mean renal plasma flow calculated here 
was considerably higher, however, than that 
determined by these authors, It is difficult 
to explain the difference, although a possi 
ble explanation might be the small number 
of animals tested in this series plus the fact 
that they were of approximately the same 
weight. The series used thus constituted a 
less random population sample. 

The disagreement between the TmPAH 
values as determined here and those of 
other authors may be due partly to higher 
renal plasma flow rates, but the wide range 
can be explained only by error in technique 
due possibly to the large dilution of low 
volume single kidney samples, whieh would 
tend to magnify any collection errors. 

On postmortem examination, the treated 
kidneys of dogs 27 and 28 looked much 
like kidnevs seen in field inter- 
stitial. nephritis. The injected organ of 
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dog 27 resembled the subacute stage, while 
the injected kidney of dog 28 resembled 
the chronic stage of the interstitial lesion. 
(The control kidneys of both of these ani- 
mals appeared essentially normal. ) 

In a previous article,’ an experiment was 
described, among others, in which the dog 
went through the same general experimen- 
tal procedure as was described for the 
above 5 dogs. No renal clearance trials 
were run. That dog received three injee- 
tions of lithium carmine at three different 
dosage levels (0.04 ml./lb., 0.15 ml./Ib., 
and 0.3 mil./lb.). These doses range be- 
tween the minimum and maximum doses 
given the 5 dogs in this experiment (ta- 
ble 1). 

The urine from the injected kidney of 
that dog contained casts and showed a rela- 
tive increase in volume and decrease in 
specific gravity. Also, on postmortem ex- 
amination, sections of the injected kidney 
closely resembled those from the kidneys 
of animals with clinical cases of acute in 
terstitial nephritis. Thus, in the view of 
the writers, this dog represents a useful 
contrast with dogs 27 and 28 in the present 
series. 

It then would appear that lithium car- 
mine may be capable of producing the 
lesions resembling those seen in elinieal 
cases of interstitial nephritis in the dog. 
If this can be done, the functional and 
morphological development of the renal 
lesion can be studied under controlled con- 
ditions. It would be possible also to test 
the efficacy of various treatments, such as 
cortisone, for the prevention of the inter- 
stitial reaction. The small number of ani- 
mals treated with effective dosages of the 
carmine did not lend itself to ideal sta- 
tistical evaluation, and the necessity for 
further corroboration of these results is 
obvious. 

Only 3 dogs were treated with the 
Staphylococcus toxin, one of which died 
during the experiment, and the results 
were inconclusive. It would appear, how- 
ever, that the toxin is much more difficult 
to control in attempts to produce chronic 
kidney damage. 

SUMMARY 

1) An attempt was made experimentally 
to produce interstitial nephritis in dogs for 
the purpose of studying functional-mor- 
phological change relationships. 


2) Two nephrotoxic substances previ- 
ously chosen for this purpose were each 
injected unilaterally into the renal artery 
of dogs with surgically explanted urinary 
bladders as follows: (a) lithium carmine 

5 dogs; (b) Staphylococcus aureus toxin 

3 dogs. 

3) Clinical urinalysis gave only an 
approximate indication of the amount of 
damage done by injection, consisting of 
the presence of albumin, epithelial cells 
and, in some animals, leukocytes and casts 
in the sample from the injected kidneys. 
Samples from the control kidneys varied 
from those containing albumin and = epi- 
thelial cells to samples showing no changes. 
Casts, when present, appeared to be the 
best indication of damage. 

4) Two of the animals which were injected 
with higher dosage levels of lithium ear 
mine showed lesions in the injected kidney 
resembling clinical interstitial nephritis. 
The urine from the injected kidneys of 
these dogs showed a relative decrease in 
volume and specific gravity 

5) The above 2 animals also showed a 
decrease in filtration rate, renal plasma 
flow, and TmPAH., 

6) Dogs injected with Staphylococcus 
toxin showed indications of a relative 
charyve in the structure and funetion of 
the ‘njeeted kidneys, as compared to the 
noninjected kidneys. The results of this 
experiment, however, were inconclusive 

7) Pretreatment glomerular filtration 
values in animals with bladder explanta 
tion compared favorably with those re 
ported in nonsurgical animals other 
laboratories. The renal plasma flow val 
ues were higher than those obtained by 
other authors, and measures of tubular ex 
cretion were variable 
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Flexor Spasm Syndrome in the Carnivore 
1. Review of Its Occurrence in the 
Literature as “Canine Chorea”’ 


JOHN R. WHITTIER, M.D. 
Queens Village, New York 


THAT ABNORMAL involuntary activity is 
frequently a residual of distemper has 
been known to veterinarians for over 100 
years. It is the purpose of this series of 
articles to review understanding of such 
hyperkinesia, to present a unique occur- 
rence in a large member of the feline spe- 
and to summarize clinical observa- 
tions and pathological changes found in 
this laboratory to date. 

In 1817, Blaine? recognized ‘spasmodic 
twitching’’ in his excellent description of 
the disorder then known to veterinarians 


as ‘distemper’ 


The distemper is very frequently attended with 
convulsions: it is also now and then preeeded 
These convulsive affections are of two 


affection, 


by them, 


kinds: one is a simple paralytic 
which, in addition to the weakness, frequently 
twitching vlso in one or 
more of the limbs for life. The other is a per 


feet fit. 


leaves a spasmodic 


A remarkable characteristic of the spas- 
modic twitching was first noted in 1862 by 
Chauvau,’ who stated that the hyperkine- 
sia persisted below transection of the spi- 
nal cord, Chauvau’s observation, an ex- 
ample of serendipity, was made during an 
attempt to obtain lymph from the thoracic 
duct of a dog. The animal survived an at- 
tempt to destroy it by transection of the 
cervical cord because hyperkinesia affect- 
ing thoracic musculature provided respira- 
tion enough to sustain life. In 1869, Car- 
ville® confirmed Chauvau’s observation 
and during the next 20 years eight articles 
appeared in the literature to demonstrate 
the interest aroused in this phenomenon 
(table 1), 

in 1870, under the title ‘‘Choreiform 
Movements of Dogs,’’ Le Gros and Oni- 
mus * published the results of extensive 


This study was aided by a grant from the Common 
wealth Pund 
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physiological research upon the spasm syn- 
drome,* again confirming the persistence 
after section of the spinal cord, demon 
strating diminution in amplitude follow- 
ing section of pertinent dorsal roots, and 
its abolition following section of pertinent 
ventral roots or section of the motor 
nerves. They introduced data on pharma- 
cology, observing that the effect of chloral 
hydrate given rectally was to diminish the 
amplitude and to increase the frequency 
of the activity. Electrophysiological analy- 
sis was begun with the observations that 
amplitude was decreased if the spinal cord 
was stimulated above the level of activity 
and increased if stimulated from below, 
and that the activity persisted unaffected 
during the tetany attending stimulation of 
the sciatie nerve. 

Since the residual twitchings of the 
syndrome were abnormal involuntary mus- 
cular activity, the interest of clinicians 
was stimulated by the possibility that it 
Was an animal analogue of chorea in man, 
hence offering the possibility for experi 
mental analysis of the latter. In England, 
this interest generated seven articles (table 
1) two years after publication of the Le 
Gros and Onimus’ work, beginning with 
an article by Hughlings Jackson ® in 1872 
describing his observations on ‘‘a case of 
chorea in a dog.’ 

Even at this time the use of the word 
‘‘chorea’’ to designate differing dyskinetic 
phenomena was confusing the literature 
and delaying understanding. In a clinical 
discussion on chorea, Gowers “ reported his 
awareness Of this terminological danger by 
writing (p. 277): °° have preferred not to 
use the term posthemiplegic chorea in 
speaking of any of these cases for two rea- 
sons: first, | think the term tends to con. 
fuse together several easily distinguishable 


Thix terminology serves the need for descriptive def 
“twitch and jerk as alternative designation 
flexer 


nition 
eceur in different contexts 
the activity, not 
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varieties of movement, which may ulti- 
mately be found to depend upon patholog- 
ical processes of different kinds or in 
different localities; secondly, the word 
‘chorea’ were better not transferred 
to a symptom.’’** 

Although Jackson used the term *‘‘cho- 
rea,’’ stating that it was not uncommon in 
young dogs and almost invariably followed 
distemper, he did make a phenomenologi- 
cal distinction: **The movements are very 
different from those in chorea of the hu- 
man subject there are chiefly rapid 
repetitions of one movement rather than, 
as in the human subject, successions of 
different movements.’’ He gave an excel- 
lent deseription of the syndrome and indi- 
cated his broad interest in neurological 
phenomena by inviting notice of instances 
of chorea in the cat and requesting ‘‘ref- 
erences to any American, French, or Ger 
man works which dealt with the clinical 
history and pathology of dogs, cats, horses, 
sheep, ete.’’ Inexplicably, he stated that 
‘there is no movement in sleep,’’ appar- 
ently missing what is one of the most re- 
markable features of the syndrome (sec 
Parts Il and IIT). 

At the time of his publication, Jackson 
could) provide no experimental observa- 
tions but * was able three years 


Gowers | 
later (1875) to confirm, for the third time, 
that the activity persisted following tran- 
section of the spinal cord. As a result of 
his observation, he contributed to specula- 
tion concerning the cause of chorea by sug- 
vesting that this type of dyskinesia might 
actually be independent of the cerebrum 
In 1877 he and Sankey,” deseribing fur- 
ther studies on the effects of spinal cord 
transection, made the observation that 
etherization abolished the activity. They 
also described the pathological changes in 
the central nervous system of an affected 
animal for the first time, noting perivascu- 
lar infiltrations and pathological changes 
in neurons and indicating some concern 
whether the latter might not have resulted 
from an ‘‘overaction’’ of the affected mo- 
tor units. 

In 1879, Putnam’ furthered the exist- 
ing confusion of ‘‘chorea’’ and the spasm 
between 
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hyperkinesias by a graphic method in animals 
Expression of Cinematographic Records of 
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TABLE 1—Chronology of Publications on the 
Flexor Spasm Syndrome 
1900 
1 1 1 
2—Chanvau 2 2 
‘ 
6 6 6 
o—Carville 
1 1 
2— Jackson 2 2 
J 
‘ 
5-—Ciowers 
6 
7 fiowers, Sankey 7 7 
_MeCiovern et al 
Traeger 
—-Innes 
1 ef al 
2 2 Metiovern ef al 
Iladden 
2 
5——Quineke 
7 7 
” 
Wood 
6 


syndrome of carnivores by describing 
‘chorea’? in a kitten and observing that, 
in this specimen, activity did not persist 
following section of the spinal cord and, 
that there were no pathological 
changes to be seen 

Hadden ' in 1883 deseribed pathologi 
cal changes similar to those observed by 
Gowers and Sankey. He continued heuris 
tic efforts to link the syndrome with some 
recognized human disorder, 
that the phenomena were like chorea and 
asserting that they were related to 
modie torticollis. German workers began 
to publish articles on this subjeet and in 
1885, Quincke again the effects 
of transection of the spinal cord, of ether, 
and of chloral hydrate; he added that 
morphine produced no change in activity 

Horsley’? made an extensive experi 
mental study of the pathology associated 
with the syndrome which was published in 
1886. He reiterated the differences be 
tween it and chorea in and 
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firmed that the activity persisted following 
section of the spinal cord, demonstrated 
that it was abolished by section of perti- 
nent motor nerves, and showed that stim- 
ulation of the seiatic nerve produced an 
increase in frequency and a decrease in 
amplitude. He saw pathological changes 
similar to those described by Gowers and 
Sankey and also changes ‘‘as of the nature 
of disseminated sclerosis’? (an observation 
preceding by 44 years that of Perdrau and 
Pugh?’ in 1930), 

In 1895, Wood!" began contributions 
to the knowledge of the syndrome from 
the Americas. He confirmed, now for the 
seventh time, that the activity persisted 
following transection of the spinal cord ; 
he added the significant observations that 
the amplitude of the activity was mark- 
edly increased following the section and 
that the frequency became asynchronous 
between rostral and caudal segments. He 
contributed the additional observation that 
the effect of quinine was to diminish am 
plitude of the activity and finally to abol- 
ish it, and that the effect of atropine was 
to increase amplitude and to bring about 
a resumption of activity abolished by qui 
ninization. In a public presentation, he 
exhibited a dog in which quinine given 
orally had been ‘‘curative.”’ 

The 50 years before the turn of the cen 
tury, in which 11 publications appeared 
upon the syndrome, were followed by 55 
vears during which investigation devel 
oped the relation between the various en 
cephalitic phenomena in carnivores and 
gave only incidental consideration to the 
twitchings. Partly as an outgrowth of un- 
usual public interest in the distemper of 
Laidlaw and Dunkin" condueted 
intensive studies between 1923 and 1931, 
demonstrating that distemper was in many 
instances caused by a virus, that ferrets 
could be used as experimental animals to 
demonstrate virus passage, and that immnu- 
nizing procedures could be developed. In 
1930, Perdrau and Pugh'* published an 
extensive consideration of the pathology of 
disseminated encephalomyelitis of the dog 
(the nervous form of canine distemper). 
They noted the cellular infiltration of vas- 
cular and glial elements which had been 
apparent to earlier writers but gave a spe- 
cifie description of patches of demyelina- 
tion, observed in 4 of the 14 animals stud- 
ied, being particularly frequent in cere- 
bellar peduncles and adjacent portions of 
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the cerebellum and brain stem. Their con- 
clusion was that ‘‘the virus of distemper 
played a similar role to that which an 
acute infection of varying etiology plays 
in the causation of certain demyelinating 
diseases of man, acute dissemi- 
nated encephalomyelitis, and possibly also 
disseminated sclerosis.’’ They apparently 
overlooked Horsley’s observation in 1886," 
commenting that ‘‘the particular feature 
to which attention is drawn in this paper 

demyelination—has not been stressed by 
any writer with whose work we are ac- 
quainted.’’ They commented that distem- 
per was not always apparent in the history 
of specimens in which the pathological 
changes of disseminated encephalomyelitis 
could be demonstrated. 

Two publications appeared in 1948 giv- 
ing the spasm syndrome specific considera- 
tion. MeGovern, Wyke ef al.’’ compared 
the syndrome with parkinsonism in man, 
described the activity as tremor, and con- 
cluded frém experimental observations 
that ablation of areas 6 and & of the cere- 
bral cortex was ameliorative. In this same 
year, Traeger ef al.'” observed that during 
pyrexia, by the use of bacterial vaecine 
(pyrifer), the activity diminished. 

In 1949, Innes published a general 
study of the pathological changes in ea- 
nine encephalomyelitis and the essentials 
of his observations were confirmed in 1950 
by Koprowski, Jervis ef al.° as atypical 
gliosis, giant multinuclear cells, neuron de- 
generation, and demyelination. Although 
dyskinetie and specifically hyperkinetic 
phenomena, appearing as neurological re- 
siduals of the disorder, were noted in elin- 
ical descriptions, no attempt was made to 
correlate pathological changes with the oc- 
currence of activity in a specifie group of 
muscles, 

In 1950, MeGovern, Steel ef al.2' made a 
report on clinical observations and patho- 
logical material from several thousands of 
dogs, which indicated that 50 to 60 per cent 
of neurological disorders in such animals 
were associated with previous or coexistent 
distemper infection but only one third of 
the dogs which acquired clinical distemper 
showed signs of neurological deficit; the 
report further indicated that pathological 
changes were those of a meningo-enceph- 
alomyelitis in which nuclear inelusions 
were present within the glial cells. De- 
myelination and cellular infiltration was 
also noted. While making the excellent 
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recommendation that the term **chorea,”’ 
if applied to the canine disease, was mis- 
leading and should be discarded, these au- 
thors suggested that it be known as the 
‘tremor syndrome,”’ a suggestion which 
could only contribute to the prevailing 
confusion in terminology (see discussion, 
Part III). 

Turbes * recently reported experiments 
which indicated that the spasm ceases dur 
ing electrical stimulation of the contralat- 
eral motor cortex and of the cerebral pe- 
duneles and pyramids; also, the spasm was 
abolished by ventral and dorsal rhizotomy, 
by muscle tenotomy, and by bone fracture 
with a shortening effect on the muscula- 
ture. He concluded that the physiological 
mechanism located in’ the neural 
segment, 


Was 


SUMMARY 


A spontaneous spasm syndrome, occur 
ring in the carnivores and frequently fol- 
lowing distemper, has been recognized for 
150 vears. In the literature, the character 
istics of the activity by whieh the 
manifested have distin 
guished from those of chorea in man but 
the syndrome has continued to be so des 
ignated, especially among veterinarians, 
and the reeent introduction of the term 
“‘tremor’’ to deseribe the syndrome tends 
to further the confusion. Numerous ob 
servations have established the autonomy 
of the activity within the spinal neural 
segment, independent of the verebrum, 
and the influence of numerous drugs upon 
the syndrome. The pathological physiol 
ogy of the syndrome is not yet understood, 
nor have neural pathological changes been 
demonstrated corresponding to appearance 
of the activity in specifie musele groups 
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II. Occurrence in a Tiger 
(Felis Tigris) 


JOHN R. WHITTIER, M.D., and L. J. GOSS, 0.V.M. 


Queens Village, New York 
Tere ark no published records of the oc 
currence of a flexor 
syidrome (eanine chorea) in a feline ani 
mal. Sueh an occurrence in a captive full 
grown Bengal tiger 


spasin 


is the occa 
sion for this report, as a part of a general 
study of the syndrome 

Observations were made in cages of the 
lion house and in a hospital cage at the 


New York Zoological Park 
History 


was one of 3 cubs 


litter 


(Felia tiaria) 
1950, in the third 


The specimen 


born May 18, resulting 
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from brother and sister mating of tigers ‘‘ Raj 
pur’’ and ‘* Daecea’’ during captivity. A total of 
25 cubs born to this pair were healthy in two pre 
vious and four subsequent litters. At the age of 
43 months, the animal initial 
immunizing dose of 10 e¢. of feline enteritis vae 


received a routine 
eine (Lederle) subcutaneously and a second injee 
tion was given seven days later. The vaccine was 
prepared from spleen and liver tissue of artifi 
eially infected kittens, Twenty-two other tiger 
cubs reeeived such vaecine without significant 
sequelae, 

The tigers were displayed in a communal cage 
until Mareh 
normal movements in the left hindleg of this 22 


oo 


1951, when keepers noticed ab 
month-old animal. No prior evidence of illness of 
any kind had been observed in this animal or in 
its ecuge mates, 

Collaboration was begun between the staffs of 
the Veterinary Department of the Zoological Park 
and the Neurological Department of the Columbia 
College of Physicians and Surgeons, in a 
bined therapeutic investigation and 
logical study, with the purposes of permitting re 
turn of the animal to display 
understanding of the disorder. 


com 
neurophysio 


and of increasing 


OBSERVATIONS 
Observations made between April 13, 
1951, and June 17, 1952, when the animal 


was destroyed, are presented in chronolog- 


ical sequence: 

April 13, 1951 (Cinematography ).—Ab- 
normal involuntary activity was apparent, 
most marked in the left hindleg but pres- 
ent in lower axial musculature and right 
hindleg. The activity in the hindleg was 
flexor in direction and simultaneous with 
activity elsewhere. It was composed of un- 
grouped movements of almost constant 
amplitude, which occurred at regular in- 
tervals, in delayed sequence and in regular 
rhythm (42 per minute if the animal was 
lying, 60 per minute if standing). The 
effect of each hindleg movement was to 
jerk the paw from the floor when standing 
and to jerk thigh and leg against the 
trunk in the lying posture (graph 1). The 
animal preferred to lie with the affected 
leg free rather than beneath it, where it 
was rubbed against the conerete cage floor. 
Paresis was present in both hind limbs, 
more marked on the left, so that in walk- 
ing the weight-bearing phase was short- 
ened on the left with the limb collapsing 
during this interval. In the associated ac- 
tivity of walking, the hyperkinesia per- 
sisted and distorted the movements which 
otherwise were normal. The animal’s gen- 
eral behavior was not remarkable. 
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May 26.—Nembutal® sedation was given 
per os and coma ensued for four days 
during which hyperkinesia was absent. A 
blood count revealed erythrocytes 6,940,- 
000 per cubie millimeter; hemoglobin, 13.5 
Gim.; hematocrit 46%; leukocytes 11,700 
per cubie millimeter (neutrophils 39%, 
monocytes 2 %, lymphocytes 55 %, eosino- 
philes 1%, basophiles 3%); plasma spe- 
cific gravity 1.0278. Boiled cow’s milk (20 
cc.) was injected, intramuscularly, with- 
out hyperpyrexia. The animal was given 
glucose infusion (400 c¢., 5%) and Met- 
razol (3 ec, subcutaneously) and recovery 
from the coma ensued. 

August 12 (Cinematography ).—Seda- 
tion was produced with chloral hydrate 
(27 Gm.) per os at 9 am. Deep sleep en- 
sued but he moved his head when prodded 
and struggled away from a leg snare. Hy- 
perkinesia was present during sleep with a 
frequency of 18 per minute with ampli- 
tude and foreefulness markedly dimin- 
ished. The animal was weighed (200 Ib. 
but would not tolerate the rectal ther- 
mometer. 

September 5.—Wasting was apparent in 
the left thigh but the status was otherwise 
unchanged. Spasm frequency was 48 per 
minute standing and 30 per minute lying. 

October 16.—Seconal sedation was ad- 
ministered (2 Gm. per os in %4 grain cap- 
sules) at 8:30 a.m.; rectal temperatures 
were 98 to 99F.; he roused and ate at 
3:15 p.m.; for the recording at 11 a.m., 
he required supplementary ether but not 
thereafter; he was drowsy and unsteady 
for three days. 

October 29.—Seconal sedation (2 Gm.) 
was given at 8:30 a.m. A rectal tempera- 
ture was possible at 10:30 a.m. Typhoid 
vaccine*® was given intravenously and the 
ensuing pyrexia was 104.2 F. (table 1). 
Ear-flicking reflex (to touch of conchal 
hairs), corneal reflexes, and hyperkinesia 
were present during the procedure; also, 
slight simultaneous activity in both fore- 
paws. The animal was moving and defe- 
cated at 8:30 a.m. the following day. 

December 17.—Thiantoin®** (0.13 Gm 
pulvules, 5 pulvules per os daily for 7 
days, then 6 pulvules daily for 7 days) 
was administered. Following two weeks of 


* Lederle Typhoid -paratyphoid vaccine, 100 million or 
ganisms per cubic centimeter (500 Eberthella typhosa 
25% Salmonella 25% Salmonella 
typhi B). 

* 5,5-phenyl thieny! hydantoin 


paratyphi A., 


para 


(Lilly) 
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TABLE 1—Temperature Reaction, in a Tiger, to 
Intravenous Typhoid Vaccine Injections while 
Under Seconal Sedation 


Vaccine Cage Rectal 
Time of (organisms temp temp 
sedation ee.) (F.) (F.) 


5°30 a.m 

320 100.6 
00 100.6 
40 5 million 76 100 
50 25 million 99 
30 25 million 7 100.: 
O5 101 
40 102.: 
50 25 million 

30 102 
00 102 
O5 25 million 

45 103.0 
00 104.2 
40 103.6 


e uw 


H. H. Dukes gives the normal temperature for large 
cats as 100.5-102.5 F., with an average of 101.5 F. (The 
Vhysiology of Domestic Animals. 5th ed. Comstock Pub 
lishing Co., Inc., Ithaca, N. [1942]: 474.) 


medication, forcefulness, amplitude, and 
frequency of activity were markedly in- 
creased (the latter 70 to 80 per minute). 

January 13, 1952 (Cinematography ). 
No medication was given for 13 days. Fre- 
queney of spasms was 42 per minute, ly- 
ing. 

January 14.—Thiantoin medication was 
repeated (6 pulvules per os daily for 5 
days). 

January 20 (Cinematography of Thian- 
toin Effect).—The cage temperature was 
70 F.; the spasm frequency was 75 per 
minute (range 70-79), lying. Occasional 
grouped movements, about 5 in almost im- 
mediate sequence, were followed by a pe- 
riod of relative slowing in frequency for 
several movements. 

January 21 to 26.—The effect of with- 
drawing Thiantoin medication ob- 
served (last dose Jan. 19). A slow de- 
crease in frequency of spasms occurred 
(table 2). 

January 28 to February 2.—The effect 
of tridione? medication (0.3-Gm. capsules, 
4 capsules per os daily for 3 days then 5 
daily for 3 days) was observed; there was 
a continued slow decrease in frequency of 
spasms (table 2). 

February 3.—Cinematography. 

April 18.—Seconal sedation (2 Gm. per 
os) was given. The spasm frequency was 
28 per minute after one and a half hours. 

April 22.—The spasm frequency was 37; 
wasting and weakness were marked. 

April 23.—Seconal sedation (2 Gm. per 
os) was administered. There was drowsi- 


Trimethadione (Abbott 


ness at 3 p. m.; hyperkinesia was barely 
present at 25 per minute. The status was 
unchanged to April 26 when the animal 


TABLE 2—Spasm Frequency in a Tiger Dering 
Medication with Thiantoin and Tridione 


Frequency 
Medi of spasm 
Date cation Posture (per min.) 
1952 
Jan. 14 Lying 
20 (After 5 Lying 
days of 
thiantoin) 
Standing 
Standing 
Lying 
Sitting 
Standing 


tS 
t 


Tridione 
Tridione 
Tridione 


Tridione 
Tridions 


began to crawl about the cage and, finally, 
to sit. Frequency of spasms was 30) per 
minute. 


April 30.—-Seconal sedation (2 Gm. per 


os) was given. The animal was comatose 
at 3 p.m.; the rectal temperature, 100 F. ; 
the weight, 303 ib. The frequency of 
spasms, on the following day, was 22 per 
minute when he was still comatose. 

May 7.—P-—267 medicationt was admin 
istered (table 3). Forcefulness and fre 
quency of spasms were increased; a con- 
vuision occurred from overdosage. 

May 19 to June 26.—Attempts to estab- 
lish Seconal tolerance were inconclusive 
discussion 

June 17.—The animal was destroyed by 
acute experiment. Seconal sedation was 
obtained with 1.6 Gm. per os at 4:30 p.m., 
June 16, and at 1:30 p.m., June 17, sup 


t P-267 is the designation used by Pitman Moore 
Company, Indianapolis, Ind., for 4-n-butoxy -piperi 
dyl) propiophenone hydrochloride, a compound having 
local anesthetic action, and abolishing flexor spasm a 
tivity in intravenous dosage of 1 to 2 mg. per kilogram 
of body weight. Oral dosage sufficient to diminish spasm 
activity is apparently difficult to achieve below the level 
of toxicity, as was the case during this trial Supplies 
of P-267, as well as two of the specimens described in 
Part III, were provided through the excellent coopera 
tion of Carl A. Bunde, research director for Pitman 
Moore Company and his associates, Benedict FB. Abreu 
and George k. Burch. Their studies on the tremor «yn 
drome and P-267 were reported in Fed. Pro« 


(19052): 20, 317, and 
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plementary etherization permitted sur 
very.” By means of longitudinal skin in- 
cision and laminectomy of the twelfth 
thoracic vertebra, the dura was exposed. 
This phase of the procedure occupied one 
and «a quarter hours, with much time spent 
in removal of the thick dense bone of the 


TABLE 3—Effect of Oral P-267 on Spasm Fre 
auency in a Tiger 


Dome Effect on 


Time (me.) spasm frequency 


10 am 1.400 
pom 40 por minute 
0 a.m 16 per minute, mor 
forceful 
pom 16 per minute 
pom 1,400 ‘4 per minute 
2,100 42 per minute, but 
forcefulness mucl 
less 
10 per minute, some 
what more forcefu 
pom Convulsion lastin 
5-7 minutes 
pm 64 per minut 
6-05 pm 55 per minute 
pom $2 per minut 


spine and laminae. Although an attempt 
was made to keep etherization minimal, 
hyperkinesia disappeared and was absent 
even) when corneal and conchal reflexes 
could be elicited, Between 3:30 p.m. and 
$:30 no supplementary ether was 
given, but it was possible to incise the 
dura and expose the subadjacent spinal 
cord, About 3:45 p.m., the hyperkinesia 
returned slightly in the left hindpaw, with 
a frequeney of about 26 per minute. When 
it was thought that sufficient activity had 
returned to be definitive, solidified carbon 
dioxide, in chunks of pinhead to green-pea 
size, and in flakes, was packed closely and 
directly upon and about the exposed spi- 
nal cord. During this procedure, the hy 
perkinesia disappeared. Freezing was al- 
lowed for two minutes and at 4:37 pom. 
the frozen cord was sectioned by coronal 
incision, the seal pel meeting woodlike re 
sistance throughout, similar to that of 
balsa wood on cutting; no bleeding oe- 
curred. Although hyperkinesia remained 
absent, it was possible to elicit a patellar 
reflex almost immediately. Blood from the 
heart was withdrawn for special immuno- 
logical studies, and necropsy was immedi- 
ately performed, No gross abnormalities 

The authors acknowledge with thanks the assistance 
of the following individuals in this acute experiment 


Kerry Campbell, M.D., James Coder, Charles P. Ganda! 
D.V.M., and Mrs. Eugene Twigg, R.N. 
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were apparent, and the entire brain and 
spinal cord were removed and placed in 


10 per cent formalin 


HisTroLocicaL STupy 


Vethod.—Slabs 1 em. thick were cut by 
coronal section through the anterior and 
middle cerebrum, and through the mid 
part of the cerebellum, and a slab 3 mm 
thick was cut from one end of each thick 
slab. The thick slabs were embedded in 
celloidin, cut in serial sections at 30 py, and 
every tenth, eleventh, and twelfth seetion 
stained by the methods of Mahon, Nissl. 
and hematoxylin-eosin, respectively. The 
thin slabs were embedded in paraffin, and 
cut in serial sections at 10 yp. 

Blocks were eut from three segments of 
cervical cord, and these, with blocks of the 
thoracic and lumbar cord serial se 
quence, were prepared for study by the 
method deseribed for the cerebrum, the 
thin slabs being cut from the rostral end of 
each block, 

Stained sections were arranged in rostro 
caudal sequence, levels identified, and the 
histological appearance examined with oe 
ular, low-power and high-power micro 
scopic magnification. 

Observations.—Right and Left Cere 
brum.—Abnormalities were observed in 
the tissues in the region of the anterior 
and posterior sigmoid gyri, apparent to 
the naked eye in’ stained tissue. There 
were a few collections of lymphocytes 
within the cortical layers on both sides, 
occasionally observed to be organized 
about blood vessels. On the right in the 
rostral sections, there was a solitary small 
softening. On this side, also, there was a 
layer of gliotic tissue, approximately 1 
mm. in thickness and several millimeters 
in width, running in a rostrocaudal diree 
tion and extending beneath the pia. Be- 
neath this layer the structure of the cor 
tex was disrupted; cells had disappeared, 
or appeared condensed by gliosis and 
shrinkage of the mesodermal tissues. The 
changes appeared to represent organized 
subpial hemorrhage and rare perivascular 
lymphocytosis with occasional small soft 
enings. 

Mideerebrum.—No abnormalities were 
observed. 

Cerebellum.—-No abnormalities were ob 
served. 

Spinal cord.—-No abnormalities were ob- 
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served, although repeated visual compara 
tive estimates were made between left and 
right sides of the cell columns and other 
structures. The concentration of neurons 
appeared similar and their morphology, 
and that of surrounding tissue cells and 
structure, showed Sev 
eral sample counts comparing incidence of 
cells in selected fields of anterior and lat 
eral columns disclosed no significant dif- 
ferences between sides in lumbar and cer 
vical Specifically, no 
demyelination or of perivascular lympho 
CVLOSIS were observed. 


no abnormalities 


regions areas of 


DISCUSSION 


From the characteristics of the museu 
lar activity and the effect of medications, 
there is no doubt that the specimen ex 
hibited what conveniently desig 
nated as the flexor spasm syndrome. The 
flexor feature of the activity, invariable in 
our material, justifies its inclusion in the 
terminology suggested here. (See verbal de 
scription page 724 and graphic expression 
of activity, graph 1. As it will be further 
developed in Part III, definition of this 
syndrome is as follows: ** Abnormal invol 


can be 


EXTENSION 
FLEXION 


AMPLITUDE 


FLEXOR SeasM SYNDROMI 


IN THE Carnivore, II 


untary muscular activity identical in man 
ifestations with the flexion reflex, but oc 
curring without apparent with 
movements composed in regular sequence 


stimulus, 


and associated with paresis.”’ 

The cause for the syndrome in this spee 
imen is not known; indeed, the occurrence 
of the flexor spasm syndrome in 
without prior clinical evidence of distem 
heu 


dogs 


per or other disease complicated by 
uncommon, Me 
per cent of the 
“tremor svn 
elinteal evi 


rological disorder is not 
found 17 
studied (as 


Govern ef al 
animals they 
drome”? 
dence of distemper 


specimens) had no 

The disorder has not previously been re 
ported in the feline species, although ** dis 
temper,’ formerly referred to by 
veterinarians, is now 
sent an enteritis associated with leukope 


some 


recognized to repre 


Is a 


nia and caused by a specific virus. It 
different 
per in the dog, which can infeet ferrets 


virus from that causing distem 
and mink. A’ considerable degree of im 
munological difference is apparent, there 
between carnivores of the familics 
Felidae, and Mustelidae 

interesting that no correlation 


fore, 
Canidae, 
It was 


(in mm.) 2S ; 
6 16 


TIME (in frames of film) 


(Graphic expression of cinematographic 
tion of points on frames projected in sequence 
ment of changes at the angles formed at joints of 


For details of this quantitative technique see J. K 


records of animal dyskinesia is made by 
as distance a to b of inset 
limb members 
Whittier, J 


measurement of devia 
illustration, or by measure 
as illustrated by figure 1 of Part III 


Comp. Neurol, 49, [1948]: 1-19.) 


Graph 1—Cinematographic record of spontaneous flexor spasm in a tiger. The animal is lying 
on the right side. 


A and B—periods of maintained posture; C and D—amplitudes of flexor (contraction) and 


extensor 


(relaxation) movements, respectively; E and F—durations of flexor and extensor 


movements, respectively; G—duration of activity. 
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could be made between localization of 
dyskinesia maximum and neural patholog- 
ical change, except for contralaterality ; 
persistence below cord section rules out a 
limited cerebral lesion to explain the 
syndrome, 

The opportunities for physiological and 
pharmacological research which the syn- 
drome provides were demonstrated during 
the trials of treatment and medication. 
Tolerance for seconal varied in an inex- 
plicable manner, although this medication 
permitted handling and instrumentation, 
in a state of light narcosis, of an otherwise 
dangerous animal. Unfortunately, the 
rauwolfia derivatives and chlorpromazine® 
were not available during these observa- 
tions, or they could have been given as 
sedative adjuncts. The thorough inhibition 
of spasm activity by supplementary ether 
during the acute experiments was not an- 
ticipated and unfortunate. The effect of 
thiantoin in augmenting activity was re- 
markable and has been subsequently con- 
firmed in other specimens. Data developed 
from this study are summarized in Part 
IIL of this series. 


SuMMARY 


1) An instance of flexor 
drome in a tiger is deseribed. 

2) It was observed that the activity con- 
tinued during sleep, was diminished by 
sedatives and abolished by ether, uninflu- 
enced by a single period of artificial hy- 
perpyrexia, markedly increased by thian- 
toin, and uninfluenced by tridione. A 
convulsion occurred during a single trial 
of oral P-267. 

3) Transection of the spinal cord 
through a frozen segment was followed by 
no spinal shock effect on deep reflexes be- 
low the section. The effect of the transec- 
tion upon the flexor spasm syndrome could 
not be determined, 

4) Study of pathological changes of the 
neuraxis revealed abnormalities in’ cere- 
bral tissue in the motor areas bilaterally, 
more marked on the right, as organized 
subpial hemorrhage, and perivascular lym- 
phocytosis with small solitary softening. 
Specifically, no areas of demyelination 
were observed. 


Spasm syh- 


Reference 

'MeGovern, V. J., Wyke, B. D., Dodson, M. E., and 
Steel, J.: The Effect of Surgery upon the Canine Tremor 
Rigidity Sendrome. M. J. Australia, 26, (1948): 492 
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III. Further Observations in Dogs 


JOHN R. WHITTIER, M.D. 
Queens Village, New York 


Part | of this study reviewed the litera- 
ture concerning the flexor spasm syndrome 
in carnivores, and Part Il presented in 
detail a unique occurrence in a tiger. The 
observations to follow summarize experi- 
ence and understanding in this laboratory 
to date. 


MATERIAL AND 


Between February, 1947, and June, 1953, 7 ani 
mals with hyperkinesia were provided which were 
suitable for study. Initial 
when submitted, were regarded only as 
ing examples of naturally occurring hyperkinesia. 
Animals later in the series were subjeeted to sys 
investigation, ineluding (1) elinieal ob 


the series, 


interest 


animals in 


tematic 
servations and cinematography; (2) a variety of 
experimental procedures designed to confirm pre 
viously reported observations and to provide addi 
data; and (3) a 
Material 


tional study of pathological 


changes.” and methods are summarized 


in table 1, 
RESULTS 


The results of these studies are summa- 
rized in table 2 together with observations 
from other sources since Chauvau’s' first 
report in 1862. 


DISCUSSION 


The flexor spasm syndrome cai be recog- 
nized as a residual of canine distemper or 
of other neurological disorders.** 

The syndrome may be associated with 
other motor symptoms following disease of 
the neuraxis, such as ataxia, ataxic tremor, 
and convulsions. The principal manifes- 
tations of the syndrome, when it occurs 


The author acknowledges with thanks the assistance 
of Dorothy Logan and Marie Pappanicholas, and of Mae 
T. Seaman, secretaries of the Neurology Department and 
of Creedmoor Institute, respectively, and wishes to credit 
Gloria Oliver and Claudia Schogeloff of the Neurology 
Department for preparation of the histological material 

* The author's experience included a viewing of cine 
matographic records of the series of dyskinetic dogs dem 
onstrating the inhibiting effect of P-267 medication on 
the flexor spasm syndrome, and presented by Carl A. 
Bunde on Feb. 6, 1952, to the Veterinary Medical Asso 
ciation of New York City, Inc., as well as study of a 
copy of the excellent color film provided through the 
courtesy of V. J. McGovern, Department of Morbid An 
atomy, Royal Prince Alfred Hospital, Camperdown, Aus 
tralia, demonstrating varieties of neurological disorder 
attending distemper in the dog 

* For consideration of the relation between distemper 
ind the flexor spasm syndrome, see Part Il, p. 72% 
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TABLE 2—Summary of Results of Experimental Neuropharmacological Procedures on Spon- 


Drug 


Keectal, oral 


Chioral hy 
drate 

Ether 
Morphine 
Barbiturates 
Atropine 


Inhaled 

Parenteral 
Any route 
Parenteral 


No change 


Decreased all characteristics 
Decreased and abolished 


Decreased and abolished 
Increased all characteristics, 


Observer 
Le Gros, Onimus, 1870; 
Whittier, Goss, 1952 
Gowers, Sankey, 1877 
Quincke, 1885 
Many observers 
Wood, 1493 


and reversed quinine effect 


Parenteral No effect 
Parenteral 
Oral 

Oral 

Oral, intra 
venous 
Oral 

Oral 


Atropine 
Picrotoxin 
Tridione 
Thiantoin 
Quinine 


No effect 


P-267 


Artane No effect 


No effect 
No effect 


Oral 
Oral 


Artane 
Mephanesin 


unmixed with other symptoms, are abnor- 
mal involuntary activity combined with 
paresis or paralysis. The activity is com- 
posed of forceful contractions of affected 
musele groups. It is of short duration, 
simultaneous wherever occurring, and in- 
volves only (in our material) flexor mus- 
cle groups in the limbs, the muscles of 
the abdominal wall, and nuchal muscula- 
ture. Most commonly, as demonstrated by 
graphic analysis of motion picture films, 
there is a period of maintained posture, 
an interval during which no movement 
takes place. The movements appear, there- 
fore, in a delayed sequence (graph 1, Part 
Ill, and graph 1, Part Il) by which the 


Increased all characteristics 


Increased al) characteristics 
Decreased and abolished 


Decreased and abolished 


Abreu, personal communication 
Whittier, 1952 

Whittier, 1952 

Whittier, 1952 

Wood, 1493; (not confirmed in 
this laboratory on one specimen ) 
Bunde et al., 1952 

Burkhardt, personal communi 
cation 

Abreu, personal communication 
Abreu, personal communication 


activity can be distinguished from tremor. 
In 1 of the animals in MeGovern’s film, 
the movements occur in immediate se- 
quence, and the activity appears as tremor. 
Unless, in such an animal, the activity is 
abolished by cord transection, which would 
indicate its dependence upon higher mech- 
anisms, it is possible that the hyperkinetic 
component of the flexor spasm syndrome 
merges with the phenomenon of clonus 
(vide infra). 

Characteristics of the flexor spasm syn- 
drome between different animals vary in 
localization, frequency, amplitude, and 
forcefulness. In our material, it has ap- 
peared in both forelegs, one hindleg, both 


TABLE 3—Summary of Results of Other Experimental Procedures on the Spontaneous Flexor 
Spasm Syndrome 


Procedure 


Effect 


Observer 


NEUROBURGICAL 


Transection of spinal cord 
Transection of spinal cord 


Versisted below 
Versisted below the section, 


Chauveau, 1862, seq 


Wood, 1893 


he section 


asynchronous with that above 


section, increased in ampli 


tude, decreased in frequency 


Section of dorsal roots 


Section of motor nerves Abolished 
Section of corticospinal 
tracts 

Ablation of anterior cere 
brum bilaterally 

Fracture of limb with shorten 
ing of involved musculature, 
muacle tenotomy, ventral and 
dorsal rhizotomy 


acteristics 
Persisted 


Abolished 


Decreased in characteristics 


Persisted ; increased in char 


Le Gros, Onimus, 1870 


Whittier, Carrea, 1952 
Le Gros, Onimus, 1870 
Whittier, Carrea, 1952 
Whittier, 1952 


Whittier, 1952 


Turbes, 1954 


NEURORLECTRICAI 


Stimulation of spinal cord 

from above 

Stimulation of spinal cord 

from below 

Stimulation of sciatic nerve 

Stimulation of cerebral cortex 
amplitude 


Generalized pyrexia 


Decreased amplitude 
Increased amplitude 


Persisted above tetany 
Increased frequency and 


MISCELLANEOUS 
Decreased char 


Le Gros, Onimus, 1870 


Le Gros, Onimus, 1870 
Le Gros, Onimus, 1870 
Horsley, 1886 
Turbes, 1954 

‘teristics Traeger, 1948 


|| 
a taneous Flexor Spasm Syndrome, 1862-1953 
Route Effect on syndrome 
— 
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legs on one side, and in the muscles of the 
abdominal wall. (MeGovern’s film shows 
activity involving extraocular muscles.) 
Frequency in our material has differed 
between animals, from 40 per minute to 
120 per minute; forcefulness, although 
varying between animals, has been difficult 
to measure. In the same animal, all char- 
acteristics are remarkably stable. Presence 
during sleep was invariable. A slight in- 
crease in frequency during the course of 
the day was usual, and a moderate increase 
when the animal-+-was standing, in motion, 
or when in a state of alertness. Move- 
ments of forepaws and hindpaws are of 
dorsiflexion, confirming participation by 
this movement in the flexor withdrawal 
response as described by Walshe,’ analo- 
gous to the Babinski toe sign in man. 

It is the remarkable limitation of activ- 
ity to the flexor muscle groups of the 
limbs, together with the persistence fol- 
lowing transection of the spinal cord, that 
indicates a solution to the problem of 
terminology which has vexed understand- 
ing of this disorder (see Part 1). The 
movements are the result of contractions 
of the flexor muscle groups, or flexor 


spasms, and in all respects but two are 
identical with the flexor spasms occurring 
after transection of the spinal cord in 
vertebrates. 

Walshe * described such a complete flex 
ion reflex to consist of ‘‘a single flexion 
at hip and knee with dorsiflexion of foot 
and toes.’’ He also observed that the ex 
tensors of the foot and toes in (or of the 
paw in a carnivore) participated physio 
logically as flexors, and enumerated the 
same muscles taking part in the flexion 
reflex as did Sherrington before him for 
animals (1910) and Kuhn ® after him for 
man (iliopsoas, rectus femoris, sartorius, 
gracilis, pectineus, adductors longus and 
brevis, tensor fasciae femoris, semiten 
dinosus, semimembranosus, biceps femoris, 
tibialis anticus, extensor longus digitorum, 
and extensor longus hallucis). 

Kuhn * described the flexor spasm re 
sulting from moderate plantar pin’ prick 
stimulus as follows: *‘The composite re 
flex action was then an abrupt, jerking, 
triple flexion, followed frequently by an 

Acknowledgment is due to Ernst Herz, Neure 
logical Institute, New York City, for observing the «in 


larity between the flexor spasm syndrome and the “mass 
reflex” of paraplegic human beings 
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Graph 1—Cinematographic record of flexor spasm syndrome in forepaws of white terrier dog 
J528, joint-angle measurement. Movements of dorsiflexion (extension) of paws are part of 


flexor withdrawal response. 
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equally abrupt relaxation of the entire 
limb. The reflex response thus resembled 
closely a muscle twitch in the steepness of 
the contraction and relaxation phases.’’ 
Graphie expression of this activity as 
manifested in the flexor spasm syndrome 
is shown (graph 1, Part Il, and graph 1, 
Part 

The two differences between the flexor re- 
flex and the spasms of this syndrome are 
(1) that the occurrence of the spasm does 
not depend upon an applied or eliciting 
stimulus, .¢., they appear spontaneously, 
and (2) that they have regularity. The 
delicacy of the adequate stimulus for flex- 
or spasms has long been known. Walshe * 
stated that ‘‘ Whether these flexor spasms 
are actually spontaneous or not is” un- 
certain, It probable that we are 
only dealing with a eondition in’ which 
the threshold of stimulation is extremely 
low.’’ It seems likely, therefore, that the 
spontaneous flexor spasm syndrome is a 
manifestation of the flexion reflex which 
depends for its inception and regularity 
upon a sequenee of correlated changes in 
excitability in the neurons responsible for 
flexor activity 

Further evidence 


SCCTILS 


hy- 
coexistence 


supporting this 
(1) the 
of paresis and atrophy in affeeted muscles 
in all the specimens observed, suggesting 
interference with function of the spinal 
cord per se, (2) the autonomy of the activ 
ity within the spinal segment, already 
mentioned, (3) the presence during sleep, 
(4) the reported diminution following py 
rexia,* observed for similar spasms in man 
by Kuhn ® and others. 

It seems probable that the syndrome is 
a specific stage in the sequence of residu- 
als attending spinal cord disease in carni- 
vores, often following distemper, which is 
to be compared with the third stage in the 
sequence enumerated by Kuhn and Macht 
for man after severance of the cord. This 
syndrome includes: (1) spinal shoek, (2) 
minimal reflex activity, (3) flexor spasms, 
(4) alternating flexor and extensor spasms, 
and (5) predominant extensor spasms 

It was not within the scope of this study 
to pursue, with further research, the leads 
which became apparent. The effect of qui 
nine on the syndrome, in view of Wood's © 
report of 1893, has not received sufficient 
trial. The remarkable effect of thiantoin 
requires explanation, and it may be that 
the thienyl group of this congenerie sub 


pothesis consists of: 
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stituted hydantoin is responsible for the 
marked increase in frequency and force- 
fulness which is so consistent, and so in 
contrast to the effect of other anticonvul- 
sants. It is apparent that carnivores ex- 
hibiting this syndrome provide convenient 
specimens for physiological investigations 
of excitability of the central nervous sys 
tem. Finally, it seems apparent that tran- 
section of the spinal cord by freezing may 
be followed by little if any shock below 
the level of the section, even though me- 
chanical transection through the frozen re- 
gion is subsequently performed. 


SUMMARY AND CONCLUSIONS 


1) Observations on the spontaneous 
flexor spasm syndrome in carnivores are 
presented. 

2) The syndrome, unmixed with other 
involun 
paresis or 


symptoms, appears as abnormal 
tary activity combined with 
paralysis. The activity of affected muscle 
groups is composed of forceful 
tions which are of short duration, simul- 
taneous wherever occurring, and involve 
flexor muscle groups in the limbs. This 
activity persists during sleep, and persists 
in caudal segments despite transection of 
the spinal cord. It is diminished in char- 
acteristics by sedatives, which abolish it 
in sufficient dosage, and markedly in- 
creased in frequency and forcefulness by 
thiantoin medication. 

3) The flexor spasms of the syndrome 
are identical with activity of the flexion 
reflex following transection of the spinal 
cord, exeept that they do not depend for 
their appearance upon an eliciting stimu- 
lus, and they appear in regular sequence. 

4) The syndrome provides manifold 
opportunities for physiological and phar- 
macological investigation of the central 
nervous system. 


contrac. 
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The Development of Palatability Tests for Cats 
D. M. HEGSTED, Ph.D.; S. N. GERSHOFF, Ph.D.; E. LENTINI, M.S. 


Boston, Vassachuse tts 


THE PRACTICAL importance of providing 
rations which are palatable is unques 
tioned, but the factors which influence 
food acceptance are not well known. The 
work of Richter and others has shown 
that the choice of food may be determined 
by definite physiological need. This does 


not mean that habit, consistency, flavor, 
and various factors, other than the nutri 
ent composition of the ration, are unim- 
portant in determining whether or not one 
food is preferred to another. Young? con 
cludes that ‘‘an animal accepis what he 
likes as well as what he needs and it is an 
open question as to how far what he likes 
agrees with what he needs.’’ 

Most of the studies upon food selection 
or appetite have been done with the labo 
ratory rat. Although this animal has 
many obviously desirable characteristics 
for such studies and its nutritional re 
quirements are well known, it is also rela 
tively unfastidious and easy to feed. Dogs 
and cats are more likely to refuse rations 
or go off feed for unknown reasons. Stud- 
ies in this laboratory have demonstrated 
that the cat is particularly fussy, although 
most healthy cats will consume purified 
rations composed of sugar, fat, casein, and 
the necessary vitamins and minerals 

Although the palatability of cat and dog 
rations is of considerable importance in 
their commercial production, relatively lit 
tle has been written on this subject. This 
is particularly true for cats and, for this 
species, the study of nutritional needs is 
also fragmentary. During studies on cat 
nutrition, it became desirable to study the 
relative palatability or acceptability of 
different rations. Our experience in this 
field is deseribed. 


EXPERIMENTAL Data 


In the system finally devised, 15 adult eats were 
used for each test. These animals were housed in 


individual eages approximately in. square and 


16 in. high, equipped with '4-in. wire mesh bot 
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tioned room for a consideral inl and were 
accustomed to their surroundings and the labora 
tory personnel Only ents consuming sufficient 
food to maintain their usual weight were used 
for the tests. When two food iunples were com 
pared, the animals were offered iflicient of each 
food in separate erocks to provide their total daily 
need, The following morning, the food remaiming 
was Weighed to determine the amount eaten, The 
crocks were washed, fresh food provided, and the 
position of the erocks in the eage reversed, Fresh 
water was provided ad libitum. In most routine 
tests we used two consecutive days, thus provid 
ing 30 comparisons when 15 animals were used 

In order to provide some information upon the 
effect of previous feeding on the choiee of food 
and to partially eliminate it as a major variable, 
the animals when not on test were separated into 
three groups whieh received different commercial 
rations designated as X, K, and P. Five animals 
from each of these groups were used in each test 
Two of these rations (X and P) were composed 
largely of fish and cereal, one of which was known 
to be more palatable than the other by previous 
tests. The third ration (K was 4 commercial 
dog food of meat and cerenl All three were 
canned products 


ResuLTS AND DiscUssION 


Statistical Evaluation —The usual pro 
cedures for determining the difference be 
tween the two mean values * often failed 
to indicate statistical significance when the 
difference in intake between two foods was 
large, and it is apparent that this type of 
analysis is not appropriate for these kind 
of data. When an animal eats its usual 
quota of food, the amount of food A eaten 
must influence the amount of food B taken 
In other words, the intake of foods A and 
Is will be negatively correlated to a con 
siderable degree and the variances are not 
independent of each other 

Several other types of statistical an 
alyses were investigated, Considering the 
protocol of an experiment (table 1), one 
might determine whether the mean dif 
ference of 116 Gm. is different from zero 
by the usual ‘‘t’’ test.” While this differ 
ence is highly significant in the test shown, 
a consideration of the distribution of the 
values as discussed below may suggest 


that this approach is not entirely valid 
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The method of rank analysis as pre- 
sented by Wileoxon'® and others” has 
also been used. In this method, the val- 
ues in the difference column are ranked 
from 1 to 30 according to size, independ- 
ent of sign. The sum of the plus and 
minus ranks, whichever is smaller, is then 
determined and evaluated according to 
Wileoxon.’’ In a test involving 30 differ- 
ences, a sum of 137 is significant at the 
% per cent probability level, 107 at the 
1] per cent level. This method is simple 
for small numbers. It becomes very tedi- 
ous for numbers larger than 25 or 30, al- 
though it can be applied. In most of the 
studies deseribed, this test has been used 
to determine the significance of the results. 

A much simpler test based upon the 
number of plus and minus signs in the 
difference column appears to be satisfac- 
tory in most instances. If there was no 


preference for either food, the number of 
plus and minus signs should be equal. In 
the actual test shown (table 1), there are 
only five negative signs and the probabil 
ity that this would occur due to chance 


TABLE 1—Protocol of a Test Comparing Rations 
A and B 


Food eaten 

Differ 
ence 
(Gm 


A 


Day (Gm.) (Gm.) 


1 210 100 110 
200 120 
60 vo 40 
m0 KO 70 
f 
f 
200 100 
130 50 
1430 70 
250 
420 
200 
250 
240 
220 
250 
220 
290 
40 
160 
440 
200 
75 
420 
420 
2 
Mean 208 
Sum of minus ranks 5 
p 


S 


= 


* The cata used received either ration X, K, or P when 
not on test as indicated; ** «ee text for explanation; 
| evaluated aceording to Wilcoxon.” 
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is much less than 0.01 by the chi-square 
test.'* For the size of samples used here, 
where 30 differences are obtained, the chi- 
square test is significant at the 5 per cent 
probability level when there are nine val- 
ues of one sign and 21 of the other.* If 
only seven are of one sign, the probability 
reaches 0.01. In a series of 31 tests, there 
were only two in which rank analysis in- 
dicated a significant difference which was 
not confirmed by the chi-square test. Since 
the chi-square test is so easily applied, 
particularly if the numbers are increased, 
this may be the method of choice for rou- 
tine tests, 

Pattern of Food Selection might be 
assumed that if the kind of food 
were placed in the two dishes so that the 
animals presumably had no basis for mak- 
ing a choice, each animal would consume 
a similar amount from each dish. This 
has been tested, using 15 eats for two 
days as described previously. For the en- 
tire group, the average intake was 120 
Gm. from the dishes arbitrarily desig- 
nated as A and 131 Gm. from the dishes 
designated as B. This small difference 
would suggest that, as expected, the ani- 
mals did not make a choice since the same 
kind of food was supplied in each dish. 
However, if the animals eat randomly 
from either dish, one would expect the 
amounts of food eaten from either dish 
to be distributed according to a ‘‘normal’’ 
curve around the mean intake of about 
125 Gm. Most of the time, values ap- 
proaching 125 Gm. should disappear from 
the dishes and only infrequently should 
very small or large amounts disappear 
from a dish. From the data available in 
the test, the number of times that food 
selections of different amounts should oc- 
cur can be calculated,'* assuming that the 
selections were made entirely by chance 
(graph 1). 

It is readily apparent that the data are 
not normally distributed. There is a pre 
ponderance of small and large food selec 
tions and relatively few between 120 and 
180 Gm. This means that when the same 
food is offered in each dish, the animals 
do not eat randomly from either dish. 
Rather, they tend to consume most of their 
food from one dish or the other. Why this 
should be true is not clear, but it has been 
confirmed in a large series of trials in 


same 


could be of one 


rank 


"As many as 16 of the SO values 


sign and yield a significant difference by analysi- 
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which the foods were so similar that no 
choice could be made. Since most of the 
common statistical tests, such as the ‘‘t’’ 
test, are based upon the assumption that 
the data are normally distributed, their 
application may be criticized when ap- 
plied to data where this condition is not 
met. 

Position of Food Dishes.—As indicated, 
the position of the food crocks was re- 
versed in the cage each day. It is possible 
that some animals may prefer a particular 
side of the cage or ‘‘eat according to posi- 
tion.’’ In order to test this possibility, 
we have analyzed some of the data avail 
able from tests, in which no preference 
was demonstrated, according to position in 
the cage rather than the food sample. We 
have been unable to show that the posi- 
tion of the feeding crock is a determining 
factor in the choice of food. 

Preference of Individual Animals.—The 
problem arises as to whether there are dif- 
ferences in cats; that is, whether certain 
animals consistently prefer a certain type 
of food and are different from the average 
group of cats. To test this possibility, we 
had available 15 animals which had been 
used in four separate tests in which a par 
ticular food (ration P) was one of the 
choices. In each of these tests, ration P 
was preferred to a statistically significant 
extent by the entire group of animals over 
the other ration tested. The combined data 
for each cat were tested by rank analysis 

table 2). Three of the animals showed a 


TABLE 2—Food Preferences in Four Tests Where 
Ration P Was One of the Choices 


Pref Pref Pref 
Cat erence Cat erence Cat erence 
X-1 Other K-1 P P-1 Other 
X-2 r K-2 P-2 Pr 
X-3 K-43 P—3 P 
X-4 P K 4 4 r 
xX No choice K-5 (ther 


statistically significant preference for the 
ration fed other than P, 1 animal made no 
signficant choice, and the remaining ani- 
mals preferred ration P. There appears 
to be little doubt that some cats show food 
preferences different from the average 
This finding, of course, imposes some seri 
ous questions upon palatability tests, since 
the results might be inadvertently deter- 
mined by choice of animals used. Pre- 
sumably, the use of sufficiently large 
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GRAMS OF FOOD SELECTED 


Graph 1—The bars represent the number of times 
that food selections of different amounts were 
observed from either of two food dishes when the 
same food was offered in each dish. The dotted 
line represents the theoretical distribution which 
the data should follow if the choices were made 
entirely by chance. It is apparent that the data 
do not fit this expected “normal” curve. 


groups Of animals will minimize the effect 

Effect of Previous Rations—Another 
question which we attempted to investi 
vate was whether the previous ration in 
fluenced the food choice. It will be seen 
(table 2) that, in the tests presented, there 
was no indication that the animals accus 
tomed to rations X, K, or P responded dif 
erently. This might, however, depend upon 
relative difference in acceptability between 
the rations studied. When the differences 
are small, for example, and the animal 
faces a more difficult discrimination, fac 
tors may become important which are not 
apparent when one of the rations is greatly 
preferred to the other. Three groups of 10 
animals each were used to study the effect 
of the previous ration. These groups had 
received either ration X, K, or P prior to 
the test. During the first week, the food 
intake while feeding these rations was de 
termined. The cats were then separated 
into groups of 5 which were allowed cer 
tain choices (table 3). For the first four 
test weeks, one of the choices was always 
the ration to which they were accustomed 
During the seventh week, they were al- 
lowed a choice between the two of the three 
rations to which they were not accustomed 
Other details of the study are apparent 
from table 3. 

In the first four groups, A to D, which 
had previously been fed either ration X 
or K, the animals with one exception chose 
ration P whenever this was offered. The 
single exception was the third week of 
group B, and here too the intake of P was 
somewhat higher than of X, although not 
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TABLE 3—Effect of Previous Ration Upon Choice and Amount of Food Consumed 


fsroup 


\ Food offered 
Total eaten (Gm 
Choice (Gm.) 
p 
Food offered 
Total eaten (Gm.) 
Choice (Gm,) 
p 
Food offered 
Total eaten (Gm 
Choice (Gm.) 
yp 
Food offered 
Total eaten (Gm 
Choice (Gm.) 
p 
Food offered 
Total eaten (Gm 
Choice (Gm.) 
Food offered 
Total eaten (Gm 165 
Choice (Gm.) 65 102 
p Ol 


* Groups A and B accustomed to ration X; OC 


that results are due to chance as determined by rank analysis 


to a significant degree. On the other hand, 
in groups E and F which had previously 
been accustomed to ration P, there was 
only one test (group F, week 5) where ra- 
In the other seven 
trials involving ration P, the animals 
either did not make a significant choice or 
preferred the ration other than P. Simi- 
larly, it may be seen that in none of the 
tests with groups A and B was ration X 
preferred, and these animals consistently 
failed to distinguish between rations X 
and K. On the other hand, animals accus- 
tomed to ration K (groups C and D) pre- 
ferred X over K in three of the four com- 
parisons made, and in none of the trials 
was ration K preferred. It would appear 
that in these trials, at least, there was a 
general tendency for the animals to prefer 
the ration to which they were not accus- 
tomed. This is an unexpected finding, per- 
haps, and must be considered important in 
the setup of palatability trials, since the 
results may be severely biased by the pre- 
vious ration the animals received. Consid- 
erably more work is required to determine 
the influence of this effect and also the 
means to eliminate or minimize it. While 
we have routinely used animals accus- 
tomed to three different rations, there is no 
assurance that this is satisfactory. Other 
approaches might be to feed a group of 
different rations at random to the animals 
so they are not accustomed to any particu- 


tion P was preferred, 


and D to ration K; 


Week of test 


160 
N.8 


and E and F to ration P; p—probability 


N.8 not statistically significant. 

lar one. It may also be suggested that this 
effect warrants consideration in field trials 
with consumers. The results obtained 
might be influenced by the predominant 
cat food in use in an area and how similar 
the product being tested is to the predomi- 
nantly used food. 

It would appear also that the total food 
intake was generally higher when a choice 
of foods was offered (table 3). During 
weeks 1, 6, and 8, the mean consumption 
was somewhat less than during the other 
weeks. This may also suggest that the ani- 
mals prefer a new food. 

Length of Test—In view of the obser- 
vation that the previous ration may influ- 
ence the choice, a question arises as to the 
value of a short test or how a short test 
may compare with a longer one. The re- 
sults of a test upon 15 animals, where the 
food choices were followed for six days, 
are shown in table 4. In the analysis, the 
first three days of the test were compared 
with the second three days. Whereas in 
the first three days no significant differ- 
ence in rations A and B under test could 
be shown, ration B was preferred to a sig- 
nificant extent during the second three- 
day period. This was due mainly to a de- 
creased intake of ration A by the animals 
accustomed to ration K. The observation 
does raise questions, of course, as to the 
value of short tests. We feel that if a ra- 
tion appears unsatisfactory in a short test, 


G 
of P| 1 2 3 4 5 6 7 8 
x K x x K x K x 
255 _ 266 260 200 303 180 
Bk 146 109 95 171 129 131 176 127 
N.S 02 N.8 
P x K x P x P K x 
<4 248 219 236 146 204 175 
“d 114 134 112 107 90 146 126 7 
N.S N.S 05 
‘ K P K x P K x K 
a 227 205 198 130 232 167 
eS 53 174 73 132 5 143 161 71 
01 01 01 
| eae K x K P K x K P x K 
| a 218 228 221 227 291 174 
| aes 65 153 652 171 99 122 197 94 
K x P K P x 
290 229 252 134 251 186 
, ay 48 242 131 98 121 131 198 53 
01 N.S 01 
P x K P x P K x P 
a 298 283 268 153 266 239 
84 «214 162 106 185 81 
ol 05 01 
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TABLE 4—The Eifect of the Length of the Test 
Upon Food Choice 


Foot consumed, Gm 


Ration Kation Differ 


\ 


im 


174 

166 

150 

135 

48 

147 
Mean 109 
X, K 
proba 


* Five cats in each group accustomed to rations 


and P as indicated; N.S not significant at 5% 
bility level 


it is unlikely to prove satisfactory under 
more extensive trial. The short test may 
thus be a valuable guide, but final accepta- 
bility of a ration will obviously require 
more extensive testing. It is possible that 
change in acceptability might reflect a nu 
tritional inadequacy which only becomes 
apparent with time. In view of the little 
knowledge of the factors which influence 
food acceptance, it is unlikely that screen- 
ing methods will serve to classify various 
rations in all aspects. We have observed 
rations which had a high acceptability by 
the test deseribed but which were nutri- 
tionally inadequate to support health in 
the animals over an extended period. A 
ration can not be considered satisfactory 
unless it is acceptable to the animals, but 
the fact that it is acceptable does not nec- 
essarily mean that it is satisfactory. 


CONCLUSIONS 


Attempts to devise a reasonably satis- 
factory screening test for the palatability 
of rations for cats, which is rapid and 
sufficiently sensitive for the purposes de- 
sired, have been described. A test utilizing 
15 adult cats over a two-day period was 


sufficient to differentiate between two ra- 
tions in many of the tests. The sensitivity 
of the test can presumably be improved by 
increasing the number of cats or the num 
ber of days of the test. 

The data have been analyzed by rank 
analysis. In most tests, a simple chi-square 


PALATABILITY 


l'ests 


analysis based upon the number of times 
one ration is preferred over another ap 
pears adequate to evaluate the results 
Some animals had definite food prefer 
ences which were different from the ma 
jority; thus, the the animals 
used may be crucial 


selection of 
In general, there was 
a tendency for the animals to choose a new 
ration rather than the one which they were 
usually fed. Also, when the animals were 
offered two foods over a period of time, 
their preference sometimes changed signifi 
cantly. While we are unable to offer means 
whereby these limitations may be elimi 
nated, the investigator should be familiar 
with their oceurrence 

The fact that animals prefer a ration 
does not necessarily mean that it is satis 
factory. Certain foods of high aeceptabil 
ity were not nutritionally adequate over 
an extended Conversely, 
which appear nutritionally adequate may 
have a low acceptability when offered in 
the presence of other rations 


period foods 
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Further Studies on the Evaluation of Immunity in Chickens 
Vaccinated with Formalin-Inactivated Newcastle Disease 
Virus Vaccine 


M. S. HOFSTAD, D.V.M., Ph.D. 


Ames, lowa 


THE METHOD most commonly employed in 
evaluating immunity response following 
use of Neweastle disease virus (NDV) 
vaccine is to administer the challenge 
virus intramuscularly and to interpret the 
results on the basis of survival of the 
vaccinated chickens. 

Brandly et al.’ have 
means of evaluating the immunity 
NDV_ vaccines. 
tween routes of challenge exposure indicatad that 
the most severe test of refractivity was the intra 
venous route, followed in order by intramuseular 
and oral exposure. Evaluation of immunity was 
on the basis of mortality, length of survival, and 
signs of Taylor’ is of the opinion that 
the challenge dose should be given by the normal 
route of infeetion (intranasal) and that mortal 
ity should be the only eriterion in measuring 
immunity in young chicks, while in adult birds 
hoth mortality and interruption of egg production 
should be considered. Zuijdam’* reeovered virus 
from the feces following challenge oral exposure 
of chickens that had with for 
malin-inaetivated NDV_ vaecine, even though up 
to 80 per cent of the birds did not show clinical 
signs of illness, 

The author reported on a method of evaluating 
immunity on the recovery of the virus 
from the blood and tissues 96 hours after chal 
lenge exposure by the intranasal route. Johnson 
et al” have emphasized the importance of better 
methods of testing the poteney of vaccines, par- 
ticularly as to the degree and duration of im 
munity, These authors suggested a test 
similar to the one employed for the testing of 
some other vaccines in which the challenge virus 
is titrated in both the eontrol and the vaccinated 
chickens, the difference in titer representing an 
index of the degree of immunity. 

The purpose of this investigation was to 
evaluate the immunity in a group of chick- 
CHS given two doses of inactivated vaccine, 
employing the potency test as suggested 
by Johnson ef al.” Both survival of the 
bird and virus recovery from the blood on 
the fourth day after challenge were used 
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as criteria for determining resistance to 
challenge. 


PROCEDURE 

Two hundred and eight New Hampshire cross- 
bred chickens were injected intramuseularly with 
a commercial, formalin-inactivated, alumina. gel 
adsorbed NDV vaccine using two doses; an ini 
tial I-ml. dose was injeeted at 6 weeks of age 
and a seeond 1-ml. 22 weeks of age. 
Birds of both sexes were included, and 60 control 
chickens were kept in direct contact with the 
vaccinated birds during the experiment. Immu 
nity of the birds was challenged with the GB 
Texas-1948 strain of NDV two to three months 
after the second of vaecine. Just prior to 
challenge, blood were taken from 30 
chickens. Antibody titers were ascertained by the 
serum-neutralization (SN) and hemagglutination 
inhibition (HT) The HI beta test 
was employed using 10 hemagglutinating units of 
formalin-inaetivated virus in each of a series of 
twofold dilutions of serum. The serum dilutions 
were prepared directly in the 0.5-ml. virus sus 
pensions. Washed red blood were 
used at a concentration of 0.25 per cent in 0.5 
ml. amounts to detect specifie inhibition. Strain 
174-lowa-1947 was used as antigen. 

The vaccinated and the control birds were sep 
arated for challenge into three groups of ap 
proximately equal numbers of males and females, 
with 60 vaecinated 20 control birds in each 
group. An attempt determine the 
immunity of the 60 vaecinated chickens of group 
1 by inoculating dilutions of GB 
allantoic fluid intranasally, 20 chickens for each 
dilution (undiluted, 10° and 10°). The dosage 
was 0.1 ml. (0.05 into each nostril). The virus 
was titrated simultaneously in the unvacci 
nated controls, using 10*, 10°, 10°, and 10" dilu 
tions of infected allantoic fluid. The infective 
titer for chickens was determined by demonstra 
tion of virus in the blood at 96 hours after chal 


dose at 


dose 


samples 


procedures. 


cells 


and 
was made to 


virus-infected 


also 


lenge. Heparinized blood samples were collected 
from each bird by heart puneture. The blood sam 
ples were refrigerated until the next day, centri 
fuged, and the plasma decanted and replaced with 
tryptose phosphate broth (pH 7.3). The resus 
pended cells, in 0.2-ml. doses, were then inoculated 
into 1ll-day-old embryonating chicken eggs. Fol 
lowing collection of blood samples at 96 hours, 
the eontrols were destroyed but the vaecinated 
birds were observed for an additional ten days. 
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TABLE 1—Immunity Challenge with GB-Texas-1948 Strain of Newcastle Disease Virus by 
Three Routes of Inoculation Among Chickens Vaccinated Twice with Newcastle Disease 
Formalin-Inactivated, Alumina-Gel Adsorbed Vaccine 


Chickens 
resisting 
infection* 


Dilution 
Route of No 
of challenge chal 


challenge virus nged (No.) 


Intranasal 20 9 
20 14 
Undil 20 10 
Intramuscular 10° 20 20 
10? 20 20 
20 20 
Aerosol? 20 
Undil 20 10 
Undil. x2! 19 


* No virus recovery from blood ; 


hand- pumped nebulizer; 1 220 strokes per cage 


A chicken was considered resistant to challenge if 
virus was not recovered from the blood and if the 
bird survived without signs of Neweastle disease. 

Determination of immunity in the 60 vaeeinated 
chickens of group 2 was attempted by intramuseu 
lar inoculation of a 0.1-ml. dose of GB virus-in 
feeted allantoic fluid at dilutions of 10°, 10°, and 
10°. Twenty chickens were used for each dilution. 
The virus titrated in the 
controls, using 10°, 10’, 10°, and 10° dilutions of 
infected allantoic fluid. To detect the presence of 
infection in group 2, 
plied in the intranasal challenge of group 1 was 


was also unvaceinated 


the same technique as ap 


used, 

The immunity of the third group of vaccinated 
birds was challenged by an 
(B virus employing a hand-pumped peralta nebu 
lizer.” The birds were placed in closed isolation 
cages and exposed continuously for ten minutes, 
the dosage being governed by the number of 
strokes employed in the operation of the nebu 
lizer. Of the 60 vaecinated chickens, 20 received 
110 strokes of a 10' dilution of infeeted allantoic 
fluid, 20 reeeived 110 strokes of undiluted mate 
rial, and the remaining 19 reeeived 220 strokes 
of the undiluted infected allantoie fluid. After 
exposure, the birds removed and placed in 
batteries in isolated rooms 10 ft. by 12 ft. which 
had separate ventilation, The virus was titrated 
in the unvaecinated controls using 10‘, 10°, 10°, 
and 10° dilutions of infeeted allantoie fluid by 


aerosol, 


uerosol exposure of 


were 


RESULTS 

The procedure and results are presented 
in table 1. Following the intranasal inocu- 
lation of 0.1 ml. of undiluted infeeted al- 
lantoic fluid, 10 (50%) of 20 chickens re- 
sisted the challenge. In the 10° dilution, 
14 (70%) of 20 chickens were refractory, 
and in the 10° dilution, 19 (95%) of 20 
were resistant. Thus, the chicken-infective 
titer of the challenge virus was approxi- 
mately 10° in the vaecinated brids. 4 


Obtained from Peralta Hospital, Oakland, Calif 


* based on 10 samples from each group 


Serum testing** 
log of 
geometric mean 


Chicken infective 
titer of virus in 

Vacci 
nated 


Con 


trols SN test HI test 


50 
47.3 


110 strokes per cage with 


chicken-infective virus titer of 10°° was 
determined in titration of the virus in 20 
unvaccinated controls. 

Following challenge by the intramuseu 
lar route, virus could not be recovered 
from the blood at 96 hours, even though 
the birds received a greater amount of vi 
rus than did the birds in group 1. Titra 
tion of the virus in the unvaccinated con 
trols indicated a 10°° titer, 

Following the aerosol challenge with 10! 
dilution of infected allantoie fluid, 10 of 
20 chickens resisted infection. After ex 
posure to undiluted material, 10 of 20 
chickens resisted infection. With doubling 
of the undiluted dosage (220 strokes), 9 of 
19 resisted infection. Even though the de 
gree of exposure was varied, approxi 
mately the same number of birds resisted 
the dilutions of virus. The virus-infective 
titer for the vaccinated birds was <10! 
The titer in the unvaccinated controls was 
1*-*, 

Distinct nervous or respiratory signs 
were absent among these chickens during 
the ten-day period following challenge, 
and no mortality occurred in any of the 
three groups. No critical evaluation could 
be made of the effect of challenge on feed 
consumption or egg production because the 
chickens were removed from their isola 
tion quarters, where they were on litter, 
and placed in wire-floored batteries 

Tests of ten serum samples from each 
group taken prior to challenge revealed a 
fairly substantial antibody titer. The log 
arithm of the geometric mean SN antibody 
titer was 5.9, 6.0, and 6.4, respectively, in 
the three groups of vaccinated birds. The 
corresponding mean HI antibody index 
was 3.5, 34, and 3.3) (approximately a 
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1:420 dilution of serum inhibiting 10 HA 
units of virus) in the three groups. 


DiscuSsSION 


While not included in table 1, results of 
immunity challenge of groups 1 and 3 in- 
dicated the males to be more resistant than 
the females, e.g., in group 1, 12 females 
and 5 males were susceptible, and in group 
4, 22 females and & males were susceptible. 
The vaccinated males and 91 vaccinated 
females were placed in three groups at the 
time of challenge with the repre- 
sented as equally as possible. 

While it was not possible to detect ten- 
fold differences in size of challenge dose 
when results were based on signs of illness 
or mortality following challenge, this dif- 
ference was apparent when evaluation was 
based on virus isolation from the blood, as 
revealed by the challenge results obtained 
from the vaccinated chickens in group 1. 
These results are significant and are in 
agreem with those of Zuijdam* who 
found that vaccinated birds may have suf- 
ficient immunity to prevent signs of in- 
fection and mortality but, nevertheless, 
were susceptible to challenge and excreted 
the virus. Johnson ef al.® pointed out the 
importance of measuring the degree of im- 
munity engendered by the vaccine in ques- 
tion in order to fully evaluate the product. 
Since the GB challenge virus causes a 
transient viremia, even in birds having 
high serum antibody titers, the removal of 
a blood sample to detect infection after 
challenge is relatively simple and the birds 
can be held for further observation. It ap- 
pears that titration of the challenge virus 
in vaccinated chickens by the intranasal 
route is feasible and that the difference be- 
tween titers in the control and the vacci- 
nated birds might be a reliable index of 
the immunizing potency of an inactivated 
NDV vaccine. 

In group 2, evaluation of the results of 
intramuscular challenge, on the basis of 
virus recovery from the blood at 96 hours, 
was not satisfactory in view of the results 
obtained in the group challenged intra- 
nasally. It is possible that blood samples 
collected earlier would have revealed dif- 
ferences between the doses of challenge 
virus used, Since the infective titer for the 
control birds was a hundredfold greater 
by the intramuscular route than by the in- 
tranasal route, the actual challenge was 
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than in the 
is needed on 


greater in the second group 
other groups. Further work 
evaluating immunity following intramus 
cular challenge, as compared with the in- 
tranasal route, using virus recovery from 
the blood as the criterion of infection. 
Determination of the chicken-infective 
titer of NDV in vaccinated chickens by 
means of aerosol exposure was not entirely 
satisfactory. It appears from this experi- 
ment that it will not be possible to detect 


tenfold variations in challenge inoculum 


by aerosol exposure as was done by the in- 


tranasal route. While an aerosol infection 
is accomplished chiefly by the intranasal 
route, there appears to be a difference, un- 
der the conditions of this experiment, be- 
tween aerosol exposure and intranasal in- 
oculation. An aerosol of the virus can be 
expected to result in an exposure of a 
larger number of cells in the respiratory 
system than following intranasal inocula- 
tion. Chickens exposed to an aerosol usu- 
ally manifest respiratory rales earlier and 
more uniformly than chickens given an in- 
tranasal inoculation. This can be demon- 
strated with infectious bronchitis virus as 
well as with NDV. While it is difficult to 
determine dosage of aerosol exposure, it is 
estimated that the actual amount of virus 
the birds inhale is much less per bird than 
the 0.1 ml. inoculated intranasally. 


SUMMARY 


Measurement of immunity in chickens 
vaccinated twice with inactivated New- 
castle disease virus (NDV) vaccine was 
attempted by employing a potency test in 
which the challenge virus is titrated in 
both the vaccinated and the control chick- 
ens. The difference in titers between the 
vaccinated and the control chickens repre- 
sents an index of the degree of immunity. 
The intranasal, intramuscular, and aerosol 
methods of challenge were employed. In- 
fection in the titrations was based on virus 
recovery from the blood at 96 hours fol- 
lowing challenge. After this, the controls 
were destroyed and the vaccinated birds 
observed for an additional ten days. Fol- 
lowing intranasal challenge, the chicken- 
infective titer of the virus in the vaecei- 
nated birds was approximately 10', while 
in the controls it was 10°. Thus, the vacci- 
nated birds were able to withstand 10° 
chicken-infective doses by the intranasal 
route. Following intramuscular challenge, 
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the virus-infective titer in the controls was 
10°"; however, in the vaccinated birds the 
titer could not be determined. The aerosol 
exposure resulted in a titer of 10°* in the 
controls, while in the vaccinated chickens 
the titer was estimated to be <10'. None 
of the vaccinated chickens in the three 
groups became clinically ill or died in the 
ten-day observation period after challenge. 
Serum antibody testing revealed a_ sub- 
stantial antibody titer by both the serum- 
neutralization and the hemagglutination- 
inhibition tests 
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A Diphtheroid Stomatitis of Chickens Apparently Due to a 
Spirillum, Spirillum Pulli, Species Nova 


WILLIAM J. MATHEY, Jr., V.M.D., Ph.D. 


Zionsville, Indiana 


ADULT CHICKENS of several breeds ( Rhode 
Island Red, White Leghorn, and White 
Plymouth Rock) were observed to have 
diphtheritic lesions in the mouth. These 
were yellowish white, rather firm, and ad- 
herent to the underlying normal tissue. 
(Juite often these lesions were symmetrical 
ovoids, one at each side of the lower jaw, 
about 0.5 inch distal to the commissure of 
the mouth (fig. 1). Lesions * were often 
found on the palate, on the lower surface 
of the tongue, on the floor of the mouth, 
between the larynx and the transverse row 
of papillae on the tongue (fig. 2), around 
the larynx, and on the walls of the pharynx. 
The size of the lesions varied from about 
2 to 20 mm. in greatest dimension al- 
though most were about & mm. in greatest 
dimension. 


PREDOMINANT ORGANISM 


Dark field microscopic examination of 
wet smears of the lesions revealed the pres- 
ence in large numbers of a spiral organism, 
along with other bacteria. The spiral or- 
ganism had a rigid body with rounded ends 
and what appeared to be a single flagellum 
at either end (fig. 3). It usually had from 
three to six spirals and varied in length 
from 5 to 12». It was about 1 » in diameter 
The cytoplasm contained refractive gran- 
ules almost as wide as the organism. The 
organism was actively motile, often darting 
back and forth so rapidly as to be almost 
invisible. The flagellum at the leading end 
was invisible while that at the trailing end 
was a blur, often making the organism look 
like a very narrow V. Sometimes, the or- 
ganism would stop momentarily, enabling 
one to distinguish the spiral form and the 


Portions of this work were done at the Poultry Divi 
sion, University of Georgia Experiment Station, Athens, 
Ga., and at the Pitman-Moore Co,, Zionsville, Ind. Ac 
knowledgment is made by the author of the expert assis 
tance of Mrs. Thomas Lewis 

* Similar lesions and apparently similar organisms 
were seen in chickens in the Mexico City area of Mexico, 
when the author was investigating poultry disease prob 
lems in the laboratories of the School of Veterinary Medi 
cine of the University of Mexico, and in the laboratory 
of Industrias Modernas Alimentos Balanceados, 8. A 


flagella. In most wet smears, motility Was 
lost rapidly. When allantoic fluid or se- 
rum were added as diluents, motility was 
retained for several hours. 

Smears made from the lesions were fixed 
with methyl alcohol and stained with 
Giemsa stain. The spiral organism did not 
stain uniformly; there were round areas 
scattered along the body, of a diameter 
approximately that of the organism itself, 
and staining dark purple in contrast to the 
remainder of the cell which was light blue 
or gray. Flagella could not be seen and 
the appearance of the spirals was much; 
flatter than that of the dark field prepara- 
tions. The round areas, apparently the re- 
fractive granules seen in wet smears, var- 
ied in number (as many as 10 being seen 
but were usually about one per coil. 

Other smears of the lesions were fixed 
with heat and stained by the Gram method 
The appearance of the spiral organisms 
stained in this way was difficult to clas- 
sify. There were purplish areas, unstained 
areas, and pinkish areas in each cell, The 
pink areas seemed to be most outstanding. 
The unstained areas seemed to be about the 
same size and number as the dark purple 
#reas seen with Giemsa staining. 

Wet smears made from salivary glands 
of affected birds were found to contain 
large numbers of the same spiral organism. 
Smears made from the mouth and from the 
salivary glands of birds in flocks where no 
lesions were found did not contain the 
spiral organism. 

CuLTurRE ATTEMPTS 

Attempts were made to culture the or 
ganism on, or in, the following: tryptose 
blood agar, serum agar, tryptose agar with 
salivary gland infusion, veal infusion 
broth, veal infusion broth over tryptose 
blood agar slants, veal infusion broth with 
added salivary gland infusion, veal infu- 
sion broth with 10 per cent chicken serum, 
veal infusion broth with 10 per cent 
washed chicken erythrocytes, allantoic 
fluid, Stuart’s medium, 9-day-old chicken 


[ 742 ] 


4 
’ 
4 
oft 
: 


Am. J. Ver. Res 
OcToHER 1956 


embryos (yolk sac, allantoic cavity, cho- 
rioallantoic membrane). In all of these 
mediums, the spiral organism died out 
rapidly, being overgrown by miscellaneous 
organisms. Some tubes and plates of the 
artificial mediums were incubated at room 
temperature, others at 30.0 C. and others 
at 37.6 C. The size of the inoculum varied 
from 0.1 ce. to 1.0 ce. In a few instances, 
serial tenfold dilutions of the inoculum 
were made up to a final dilution of 10". 
Some of the culture attempts were made 
under an atmosphere of approximately 10 
per cent CO,, as well as under normal at- 
mosphere. The mediums were checked for 
the presence of spirilla daily for a week 
after inoculation and then at irregular in- 
tervals for a month or, in a few instances, 
three months. Acid mediums killed the 
spirilla rapidly. 

Nine-day chicken embryos were used 
in attempts to grow the spirilla. Some egg. 
were inoculated on the chorioallantoic mem 
brane by the window method. Other eggs 
were inoculated in the allantoic sae by 
means of a 22-gauge needle inserted 
through the air sac end of the egg. Still 
other eggs were inoculated in the yolk sac 
by means of a 22-gauge needle inserted 
through the air sac end of the egg. Inocu- 
lated chicken embryos were then incu- 
bated in some instances at 39.0 C. and in 
other instances at 35.0C. The size of the 
inoculum was usually about 0.25 ee. In 
one instance, serial dilutions of inoculum 
in allantoic fluid up to 10°°* were made and 
12 eggs inoculated with each dilution 
Eggs with embryos dying before hatching 
were examined for spirilla by dark field 
examination of the extraembryonic mem- 
branes, the extraembryonic fluids, the em 
bryonic blood, and other embryonic tis 
sues. Small (0.01 ce.) samples of allantoic 
fluid were drawn by means of Pasteur pi 
pettes from eggs with living embryos at 
intervals during incubation and examined 
for spirilla. At hatching time, smears of 
the chick tissues were examined by dark 
field study. 


EXPERIMENTAL PASSAGE OF THE DISEASE 


Lesions identical in appearance with 
those occurring naturally were produce | 
by inoculating scrapings of characteristic 
lesions containing spiral organisms into the 


buccal mucous membrane of 6-week-old 
chickens. Inoculation with a 20-gauge 
needle was made through a film of mucosal 


DiPpHTHEROID STOMATITIS OF CHICKENS 


Fig. 1—Large lesion (arrows) of chicken stomatitis. 


scraping suspension by multiple shallow 
puncture of the mucous membrane, Lesions 
appeared in about ten days. Uninoculated 
birds, kept in the same cage with the in 
oculated birds, developed lesions in about 
14 days, while uninoculated birds kept in 
other cages did not. Spiral organisms were 
found in the lesions of the inoculated birds 
and in the lesions of their cage mates 
About six weeks postinoculation, large 
lesions were not usually seen although smal! 
lesions could be found here and there in 


Fig. 2—Small lesions (arrows) of chicken stoma- 
titis on the tongue. 
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the mouth and pharynx. Spiral organisms 
could be found in smears made from the 
small lesions and also in smears made from 
the salivary glands of inoculated birds and 


cage mates. The experimental birds ap- 
parently were not affected in general health 
by the infection, although weight records 
were not kept. 


ArremMpts TO DEMONSTRATE 
Virus 


the lesions examined 


for inclusion bodies of fowlpox but none 


Sections of were 
was found. 


Serapings from the lesions were sus- 
pended in physiological saline solution and 
into the follicles 


6-week-old 


and 
vac- 


inoculated feather 


combs of 5 chickens not 


cinated against fowlpox. No lesions were 


observed to be produced in two months. 
EXAMINATION FoR Funai 

Smears made from lesions were cleared 
with 10 per cent potassium hydroxide so- 


lution and examined microscopically. Fun- 
gous cells were not found. 


Fig. 3—Dark field view, of wet smear of scraping 

from a mouth lesion of a chicken, showing Spiril- 

lum pulli. Organism had become inactive, allowing 
flagella to be seen, About x 3,000. 
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Discussion 

The lesions described above are appar- 
ently those of a heretofore undeseribed 
minor disease of chickens. Grossly, the 
lesions resemble those of fowlpox but in- 
clusion bodies were not found on micro- 
scopic examination, and fowlpox virus was 
not demonstrated by chicken inoculation. 

Jasmin’ * found spirochetes in the res- 
piratory tract of chickens and sparrows in 
Montana. He did not describe the spiro- 
chete found. ‘* Marked were not 
observed on necropsy.’ Stained smears sent 
to the author by Jasmin contain organisms 
resembling those seen in stained smears of 
the spirilla herein deseribed 

Krage and Weisgerber* found two types 
of spirochetes in a respiratory disease of 
chickens. One of these was somewhat like 
the organism of the present report, since 
these authors reported that the organism 
resembled most (except for being about 3 
times larger) the cause of rat-bite fever, 
Spirilum minus. On the other hand, 
Krage and Weisgerber stated that their 
organism was pointed at the ends; they 
made no mention of any dark round 
bodies in their description of the Giemsa- 
stained organism. The drawings accompa- 
nying their description, made from nega- 
tively stained preparations (Burri stain), 
resemble somewhat the organism of the 
present report. They claimed that a high 
percentage of healthy chickens contained 
the spirochetes in the pharynx, although 
in small numbers. 

Gibbs,® in a study of microorganisms 
found in the respiratory tract of chickens, 
found spirochetes in 50 per cent of birds 
dying of ‘‘infectious trachitis,’’ in 100 
per cent of birds with chronic laryngitis, 
in 40 per cent of birds with avian paraly- 
sis, and in 30 per cent of healthy birds. 
Flagella were not observed in these spi- 
rochetes. 

Harris® studied spirochetes found in 
sick chickens and in apparently healthy 
chickens in the Baltimore area and _ re- 
ported: ‘‘ Examinations of the throat swabs 
seldom showed spirochetes, and when pres- 
ent they were coarse S-shaped with two or 
three loosely coiled spirals and pointed 
ends,”’ 

Carpano’ reported a new genus and 
new species of spirilla, Microspirillum av- 
ium, from the blood of bullfinches (Pyr- 
rhulea europaea) dead of disease in Egypt 
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shortly after importation from Berlin. 
The birds had shown ruffled plumage, 
anorexia, and diarrhea. On necropsy, sep- 
ticemic lesions were found, general con- 
gestion of the internal organs, punctiform 
hemorrhages of the serous membranes, hy- 
pertrophy of the liver, and swelling of the 
spleen with subcapsular hemorrhages. The 
spiral organism was found in heart blood, 
spleen, liver, kidney, lung, bone marrow, 
brain, and intestinal content. Also found 
was a species of Leucocytozoon, Carpano’s 
description of Microspirillum sounds more 
like that of a spirochete since he said that 
the organism moves like a trypanosome, 
using its extremities like flagella and mak- 
ing revolving and twisting movements. He 
described the organism as being at most 
6 » in length and having up to four nu- 
clear granules. He stated that it dif- 
fered from S. minus in not having flagella. 

Santos Dias * reported the finding of an 
organism, Microspirillum fragae, in smears 
from lungs of a plover-like bird (Burhinus 
capensis capensis, Lichtenstein, 1823) from 
Mozambique. The drawing illustrating his 
article shows organisms somewhat resem- 
bling the organism of the present report as 
seen in stained smears, except that his are 
smaller and have only up to four dark- 
staining bodies. He did not mention the 
dark field appearance of the organism. 

Yakimoff * told of finding spirochetes in 
the buccal cavity of chickens, resembling 
Npirochaecta dentium. He mentioned, with- 
out citing the place of publication, a find- 
ing by Wolf of a Treponema-like organism 
in the mouth of chickens. 

Reis and Nobrega also told of the 
finding by Wolf"! (probably the same as 
quoted by Yakimoff) of spirochetes in the 
mouth cavity of geese, ducks, hens, and 
pigeons. 


Various spiral organisms have been 
found causing disease in poultrs’ in’ the 
United States, such as Borrelia in tur- 


keys ** and in pheasants,’® and Spironema 
in chickens, turkeys, and  pheasants."* 
None of these has been deseribed as caus- 
ing a stomatitis. 


With the probable exception of the 
organisms found by Krage and Weis- 
gerber’ and the possible exception of 


those found by Jasmin,’ * the spiral or 
ganisms found causing disease in poultry 
been spirochetes as distinguished 


have 
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from spirilla. Bergey '* makes the distine- 

tion, the chief differences being the rigid 

nonflexible cell structure with flagella as 

locomotor organs in the spirilla, as com. 

pared to the flexible cell structure with no 

apparent flagella in the spirochetes. 
CONCLUSION 

The spiral organism of the present re 
port is evidently to be classed as a Spiril 
lum, since there is a rigid inflexible body, 
not like the flexuous body of the spiro- 
chetes. This Spirillum has a flagellum at 
either end, rather than the tufts of flagella 
described for most species of Spirillum. 
In this respect, the organism resembles 
Spirillum minus, although it is of larger 
size, 

Although the Spirillum could not be 
obtained in pure culture by the methods 
used, it seems likely that it was the causa 
tive agent of the lesions described. This 
opinion is based on: (1) the finding of the 
organism in birds having the lesions and 
not in other birds; (2) the finding of the 
organism in great numbers in material 
taken-directly from lesions, whereas fewer 
spirilla could be seen in smears made from 
other parts of the mouth; and (3) the 
finding of the Spirillum in lesions pro 
duced in experimentally inoculated birds 

Apparently, this Spirillum has not been 
observed previously. The name, Spirillum 
pulli, species nova, is hereby proposed 


SUMMARY 


A disease of chickens, evidenced by diph 
theritic lesions of the buccal mucous mem 
brane is reported, The apparent causative 
agent is a spiral organism, Spiridlum pull, 
species This Spirillum, found in 
lesions and salivary glands, has not been 
cultured but can be transmitted from bird 
to bird by contact and by experimental 
inoculation, 


novd, 
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Studies of Infectious Synovitis in Chickens 


N. O. OLSON, D.V.M.; D. C. SHELTON, Ph.D.; J. K. BLETNER, M.S.; 


In 1954, Olson ef al? and Wills ** re 
ported an unidentified agent which pro- 
duced a synovitis in chickens affecting 
primarily the synovial or bursal mem 
branes. Cover et al." and Leece and Sper 
ling’? reported on the same or a similar 
disease. Snoeyenbos and Olesiuk® observed 
a natural outbreak of the same or a similar 
disease in turkeys. Among the 
terms applied to the disease, the following 
have been used most frequently: enlarged 
joint condition,':* arthritis,’ infectious 
anemia-synovitis,’' and tendovaginitis or 
arthritis.’ The term infectious synovitis 
suggested by Wills * is used in this paper. 

Wills and Delaplane® reviewed the lit 
erature on the etiology of arthritis. Ilof 
stad '* mentioned the following bacteria as a 
cause Of an arthritic condition in chickens: 
gallinarum, Streptococcus 
zooeprdemicus, Staphylococcus 
Bacterium arthropyogenes, 
venezuclensis, Escherichia coli, and Sal- 
monella pullorum. Arthritis has been 
experimentally produced by pleuropneu- 
monia-like organisms (PPLO)!°!!"" OL 
son!’ isolated PPLO from swollen hocks 
and breast blisters of chickens presented 
to him for diagnosis. The etiology of in- 
fectious synovitis described in this paper 
is not related to previously described arth- 
riti¢ conditions caused by a PPLO. or 
bacteria 


several 


Streptococcus 
pyogenes, 
Escherichia 


The disease has appeared in both broiler and 
replacement flocks. Im West Virginia, during 
1954, it was recognized in 55 flocks. The flocks 


varied in size from 1,000 to 20,000 birds. In 21 
154,000 birds, the approximate 


The 
The highest 


flocks, coutaining 
this 

bidity ranged from 1 to 75 per cent, 

flocks in 


mortality from disease was 7,700. mor 


morbidity oceurred in which a respira 


director of th 
Station 
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Agricultural 
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approval of the 
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Husbandry and Agricultural siochemistry West Vir 
ginia University, Morgantown Supported in part b 
funds from regional project NE-5 (9b3) 

The present address of Mr. Bletner is Department of 
Poultry Science, Ohio State University, Columbus 
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tory infection, or the hemorrhagie syndrome, of 
both were 

The 
were: pule 
Many tlock 


those of 


the feathers 


complicating factors 
ks 


growth 


affeeted 
retarded 
these 


first observable signs in 


comb, lameness, and 


owners have mistaken signs for 


coce diosis \ thee dlisen se 
ruffled and the 


comb 


progr 
shrunk 


red Swellings 


comb 


In some case 3, the was bluish 


around the and breast 
The hoek 
involved 
affeeted 


usually occurred points 


blisters were common joints and foot 


pads were but, im sone 
birds, all 
not uneommon to 
fection but 
The 
emaciited 
affeeted, 
placed near feed and water 


tion of the 


prineipally 
However, it wa 


without 


joints 
with generalized in 
apparent 
birds listless, dehwedrated, and 
(fig. | Although birds 


many eontinued to ut and 


swelling of the 
joints 
severe! 


drink if 


were 


A greenish discolors 
large 
frequent! 


droppings, which contained 


amounts of uric or urates, wos 


observed 
birds in the enrls 


Necropsy of stuges of the 


disease revenlied a viscous, creamy exudate in the 
synovial membranes of affected joints, tendon 
sheaths, and bursal membranes of the keel As 


the disease progressed, this yellow exudate beeame 
oecasionalls 
W here 
the birds were severely emaciated and dehydrated, 
there fluid about the 


In chronic cases, the joint surface 


CUSCOUS, Cuseous exudate Wis also 


found over the skull and along the neck 


Was oceusionally no joints 
was frequent! 


yellow to orange. 


In the early stages of the disense, the spleen 
was frequently enlarged two to three times; how 
ever, in advanced stages, the spleen was usually 


not enlarged, The liver frequently appeared nor 


mal, In seute cases, the liver was generally en 
larged and mottled, contained neerotie foei, and 
was greenish. The kidneys were usually swollen, 
mottled, or pals 

Giemsa stains of smears made from the eream 


synovial exudate revealed many large mononuclear 
cells, 


more 


cells, lymphocytes, plasma and heterophils 


cases, there were 
cells No bacteria 
A decrease in the 
an increase in leukocytes 
affected The 
ally below normal, falling to a low of 
100 ml. of blood Blood 
and experimentally infeeted 
slight to marked The 


peared achromie in nearly all 


In some heterophils than 


mononuclear were found. 


number of erythroeytes and 


was commonly found 3 


birds hemoglobin values were usu 


3.5 Gm. per 
field 


revealed a 


smears made from 


birds 


anemin, erythroeytes ap 


ecnses with some 


cells showing polychromatoplhilia Slight to 


marked anisoevtosis and poikiloeyvtosis were also 


erythrocytes 


seen. Immature were frequently ob 
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TABLE i—The Effect of Infectious Synovitis on Hemoglobin Content and Red and White 


Degree Source 
of of 
infection chickens 


No of 
chickens 


Experimental 65° 65 
Experimental 12 12 
Experimental 
Field 24 74 


None* 
Third” 
Fourth 
Fourth 


Unknown 


was used 
im the 


* The method of Natt and Herrick ™ 


* Contact controls. " Localized infection 


served, Usually, there was on increase, sometimes 
quite marked, in the percentage of monocytes and 
heterophils with corresponding decrease in the 
percentage of lymphoeytes, In 
immature leukoeyte 

namely, 


some smears, nu 


merous ‘* preforms’? were 

promonocytes, prolymphoeytes, 
The blast cells 
occasionally, The changes in the blood 
the 


present, 


and myelocytes. forms of these 
directly with severity 


(tables 1 


picture seemed to vary 
of the infection as shown 


EXPERIMENTAL DATA 


The synovitis agent was cultured in 
chicken embryos. This was accomplished 
by inoculating the yolk sae of 5-day-old 
embryonating eggs with a broth suspen- 
sion of the joint exudate, liver, or spleen 
from an infected bird. Attempts to grow 
the agent in blood, nutrient, and Sabou 


Cell Counts* of Blood from Infected Chickens 


No. of 
counts 


Field 16 16 


Hemoglobin 
100 ml 
blood ) 


r.bue webu 
(millions 


mm.”) 


(thousands (Gm 


$0.56 
7 

6.5 
66.95 6.44 
43.3 8.37 


for making counts 
foot pad 


© Generalized infection 

raud’s maltose agar medium, thioglycol- 
late medium, or nutrient broth were un- 
successful. Only a faint zone of hemolysis 
occurred on the blood agar. When cultures 
of the synovitis agent in eggs were placed 
in PPLO broth (Difco) containing either 
2 per cent serum fraction or 20 per cent 
horse serum, no cloudiness of the broth oe- 
curred through 16 The sixth 
broth culture transfer of two isolates was 
inoculated into the yolk sae of embryonat 
ing with negative results. Growth 
could not be demonstrated in Adler’s RM 
medium '* or on PPLO agar. 

Embryo mortality, through 20 passages 
of one isolate, occurred according to the 
pattern shown (table 3). For the first five 
passages, the ‘‘median of mortality’? was 


passages. 


egys 


> 
Fig. 1—Experimental birds with infectious synovitis. Contact control bird (standing) and 
3 typically infected birds in the advanced stage of the disease. 


74% 
222 
2.22 
1.67 
1.64 
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TABLE 2—The Effect of Infectious Synovitis on Differential White Blood Cell Counts 
Blood from Infected Chickens 


Source 
of No. of 
birds 


No. of 
infection birds counts 
None* 
Third” 
Fourth 
Fourth 
Unknown 


Experimental 65 65 
Experimental 12 12 
Experimental a1 a1 
Field 24 72 
Field 16 16 


* Contact controls 


ten days and, for the next 15 passages, it 
was eight days. Embryos which died dur- 
ing the first two days following inocula- 
tion were not considered in determining 
this median. Of 108 eggs inoculated dur- 
ing these 20 passages, the embryos of 97 
died, 5 lived but revealed pathological 
changes, 3 were normal, and 3 were acei 
dentally destroyed prior to observation. 
Ten isolates from different flocks have 
shown a similar embryo mortality pattern. 

The agent has been propagated for 37 
passages in the yolk sac of embryonating 
chicken eggs without a marked increase in 
its pathogenicity for embryos. 

When 5-day-old embryonating chicken 
eggs were inoculated via the yolk sac, mor- 
tality occurred as early as the fourth day 
following inoculation. The embryos which 
died four to ten days following inocula 
tion were edematous. There were numer- 
ous petechial hemorrhages of the skin 
which tended to coalesce (fig. 2). The liver 
was generally enlarged, frequently hemor 
rhagic, and mottled. The spleens and kid 
neys were usually enlarged and hemor 
rhagic. External hemorrhages were not 
commonly found in embryos dying after 
the tenth day following inoculation. In 
the older embryos, the spleen was fre- 
quently enlarged as much as six times 
The allantoic fluid was frequently cloudy 
Occasionally, cloudy fluid was present in 
the abdominal cavity and pericardial sac 
Slight dwarfing of the embryos occurred 


Lympho 
cytes 


66.09 
55.42 
41.87 
36.2 
43.9 


Localized infection in the foot pad 


Mono 


cytes 


I're 
ormes 


phils 


Hetero 
phils 
112 0.79 
O25 
19.20 o.25 1.06 6.07 
11.0 0.32 0.3 3.9 

15.6 2.1 0.68 2.4 


17.45 


© Generalized infection 


Caseous exudate in the air sacs was not 
observed, 

The route of inoculation was important 
if the agent was to be propagated. When 
§-day-old embryonating eggs were inocu 
lated with joint exudate into the allantoic 
cavity, no embryo mortality occurred, 
Nighteen days later, material from the 
same source was inoculated into the yolk 
sac of 6-day-old embryonating eggs and a 
typical embryo mortality pattern resulted 
Internal organs, yolk, and allantoie fluid 
were taken from dead infected embryos 
and inoculated into the yolk sae of 6-day 
old embryonating eggs. A series of five 
was made. All inoculums were 
infective for embryos for the first) three 

The fourth and fifth embryo 
of allantoic fluid was not infec 


passages 


passages. 


passage 


tive, whereas the yolk and ground internal 
organs produced infection of embryos. In 
oculation of infective material by the yolk 
sac route was found to be the most desir 
able for culture of the agent in eggs 
The growth of the agent in embryonat 
ing eggs was inhibited by streptomyein 


but not by penicillin. A 1:10 dilution of 
infected yolk was treated with 10,000, 
20,000, 30,000, and 40,000 units of penicil 
lin per milliliter and 25, 50, and 75 my. of 
streptomycin per milliliter. The treated 
yolk was allowed to stand at room temper 
ature for two hours and inoculated, in 
0.25-ml. quantities, into the yolk sae of 


four 6-day-old) embryonating eggs. All 


TABLE 3—Embryo Mortality Pattern Following Inoculation of Eggs with Agent 36” 


Death following inoculation 


No. eggs 


Passage inoculated 


lte 5 25 
10 1 
ll to 15 
16 to 20 


Total 10-4 


Yolk (0.25 ml.) taken from infected embryos was introduced inte 


nating chicken eggs 


6to7 
days 


days 


10 toll 
days 


day old embryo 


One embryo in the group was accidentally destroyed 
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embryos which were inoculated with peni- 
cillin-treated material died, whereas all 
embryos inoculated with the streptomyein- 
treated material survived. 

A yolk eulture of the synovitis agent 
stored in a commercial type deepfreeze at 

200. was active up to 271 days. The 
pathogenicity for embryos was, however, 
reduced, Joint fluid from infeeted chick 
ens diluted 1:5 with nutrient broth was 
not infective for chickens after 22 days’ 
storage at 20C. Similar fluid from an 
other source was infective for chickens and 
embryos after 76 days’ storage, although 
the pathogenicity of the agent was greatly 
reduced. 

Inconsistent results were obtained in 
filtration trials. When infective yolk was 
diluted 1:10 with nutrient broth, the 
agent was recovered from the filtrate ob- 
tained with a Broener-type microfilter. 
The filtrate obtained from the same source 
with a Seitz EK filter was inactive. Leece 
and Sperling’ reported that filtering the 
agent through a sintered glass filter mark- 
edly decreased the infectious titer. Elee- 
tron micrographs made by Leese and Sper- 
ling’ of allantoamniotie fluid revealed 


coccobacillary elements, 0.2 to 0.5 » in 


diameter, 

Transmission Trials._-The infectious 
synovitis agent has been isolated from 15 
flocks but most experimental studies have 


Fig. 2—-Two 15-day-old embryos. The infectious 

synovitis-inoculated embryo on the left is edema- 

tous and has numerous hemorrhages in the skin. 
The embryo on right is normal. 
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been made on isolations from one flock of 
11,000 7-week-old The disease in 
this flock was complicated with a respira- 
tory infection and the hemorrhagic syn 
drome. The morbidity in this flock was ap 
proximately 75 per cent and mortality 10 
per cent. The synovitis agent was isolated 
from hock exudate and tracheal mucus 
from 1 bird and these isolates will be re- 
ferred to as 29H and 29M, respectively 
In another bird from the same flock, the 
synovitis agent was isolated from the hock 
exudate and it will be referred to as agent 
56. 

Transmission of infectious synovitis by 
the oral route was attempted. A suspen- 
sion of ground livers and spleens from in- 
fected chickens in nutrient broth was fed 
to chicks daily for eight days and followed 
by another dose on the fourteenth day. 
The 13 4-week-old chicks remained normal 
during the period of treatment and for the 
subsequent 13 days. Six birds from the 
group were then inoculated with the first 
or second chicken passage of agent 36 via 
the foot pad and all developed signs of 
synovitis, 

The inoculum used for the chieken 
transmission trials consisted of a broth 
suspension of joint exudate from bird 36 
(agent 36) or from bird 29 (agent 29H). 
The suspension was inoculated into chick- 
ens by the various routes listed baow. In 
the description which follows, the numer- 
ator represents the number of chickens 
which became infected and the denomina- 
tor the number of chickens which were in- 
oculated: nasal instillation, 0/3; conjune- 
tival instillation, 1/4; tracheal instillation, 
0/1; foot pad inoculation, 2/2; hock joint 
inoculation, 6/6; and conjunctival and na- 
sal instillation, 1/1. The first and second 
chicken passages were inoculated in a sim- 
ilar manner with the following results: 
foot pad inoculation, 6/6; hock joint, 4/4; 
and air sac, 1/1. No infection occurred in 
14 contact controls during a 25- to 44-day 
observation period. 

Cultures of the synovitis agent (29M, 
29H, and 36) in embryonating eggs were 
also pathogenic for ehickens. The concen 
tration of the agent in allantoic fluid was 
apparently low; however, yolk, ground 
internal organs, and ground embryo tis 
Since 


broilers 


sues were pathogenic for chickens 
the yolk was easier to handle and appeared 
to maintain its infectivity 


longer in stor 
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age, embryo yolk cultures were used for 
most of the transmission trials. 

The following embryonating egg cul 
tures of the synovitis agent have been used 
for chicken inoculation: first, second, 
third, fifth, tenth, eighteenth, twenty-first, 
and twenty-fifth passages. All were patho- 
genie for chickens. The third embryo yolk 
culture of the synovitis agent was inocu 
lated into chickens in 0.25-ml. quantities 
with the following results: foot pad, 16 
16; vein, 5/15; sinus, 5/15; conjunctival 
instillation, 0/4; and contact controls, 3 
22. The results of the second and twenty- 
fifth embryo-passage inoculations are given 
(table 4). The other embryo yolk cultures 
were inoculated into the foot pads of 
chickens with the following results: first, 
1/2; fifth, 3/8; tenth, 5/5; fourteenth, 
2/5; eighteenth, 4/4; and twenty-first, 
2/7. The infectivity for chickens of em- 
bryo cultures could be increased by pass- 
ing the agent through chickens. 

The incubation period in experimentally 
affected chicks was governed by the route 
of inoculation, amount of inoculum, and 
the virulence of the agent. Most inoeula- 
tions were made in birds 3 to 6 weeks of 
age. After inoculation in the pad of the 
foot, swellings of the part usually occurred 
within two to ten days. Birds inoculated 
intravenously or intraeranially became 
droopy in seven to ten days, with death 
occurring in ten to 14 days and often oe- 
curring before swellings appeared around 
the joints; however, a small amount of 
exudate was usually present about the 
hock or pad joints. The ineubation pe- 
riods, in days, after other routes of inoeu- 
lation were as follows: sinus, 14 to 20; 
air sac, seven to 14; and conjunetival in- 
stillation, 20. In contact control chickens, 
the incubation period was 25 to 80 days. 

Spontaneous recovery was rare in ex 
perimental birds. Localization of infeetion 
in the pads of some inoculated birds sug 
gested that they might have recovered if 
they had not been killed. 

Observations of infectious synovitis in 
the field suggested that transmission was 
possible while the chicks were in the hatch 
ery. The infection occurred in a_ broiler 
flock in a newly constructed house on a 
farm where chickens had not been pre- 


viously raised. Broiler producers, who ob 
tained chicks from two hatcheries at the 


same time, had infections in chicks from 


one hatehery but not in those from the 
other. The first 8 cases of infectious syno- 
vitis brought to our attention were from 
the same hatchery. Later, birds from other 
hatcheries were found to be infeeted 

From the suspected hatehery, approxi- 
mately 75 chicks from pipped eggs and 75 
cull chicks were examined but no enlarged 
spleens and livers were found. Also, 52 
dead embryos from 13 supply flocks were 
removed on the eighteenth day of incuba 
tion, Of the 52 embryos, 30 were decom- 
posed and were discarded. The allantoic 
fluid, volk, or liver and spleen of the other 
embryos was harvested and inoculated into 
the yolk sae of 6-day-old  embryonating 
eggs. Seven of these eggs became contami- 
nated and were discarded, An agent was 
recovered from one of the remaining eggs 
and it was carried through 15 egg pas 
sages. Inoculation of embrvonating eggs 
with this agent resulted in erratic mor 
tality. The embryos died during the fourth 
to thirteenth days following inoculation 
Those dying later were dwarfed. The 
agent involved has not been identified. It 
is unlikely that it is related to the infee 
tious synovitis agent, since none of the 
embryos which died revealed typical path- 
ological changes 

Ten dozen eggs were obtained from a 
flock of approximately 4,000 birds which 
had a previous history of infectious syno 
vitis. At the time the eggs were obtained, 
the birds had been housed for one month 


TABLE 4—The Susceptibility of 3-Week-Old 
Chicks to Embryo Cultures of Three Isolates of 
the Infectious Synovitis Agent* 


Route of Per 
inocu entage 
lation Isolate Infected infected 


Foot pad! 6 4 

Koy 1 

20M ‘ 100 1 
! 
1 


Sinus’ 16 


Roy 


Embryo passage 
second 

One bird killed 

Inoculum consisted of 0.25 m , ‘ embryo cu 
ture Inoculum consisted o ‘ olk embrve 


ilture 
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and those showing enlarged joints had 
been culled. The eggs were incubated and 
candled daily. There were 2% infertile 
eggs and 16 fertile eggs, the embryos of 
which died at an early age. Yolk was taken 


TABLE 5—-Susceptibility of Turkeys to Infectious 
Synovitis Agent 36* 


Foot pad 
inoculation? 


Intravenous 


Inoculum inoculation? 


embryo passage 

let chicken passage 
2nd chicken passage 

Srd chicken passage 3/0/38 
Nutrient broth 
Normal yolk 

Contact controls 0/0/2 
Isolated controls 0/0/4 


Amount of inoculum used was 0.25 ml 


' Number showing symptoms or lesions/number 


number inoculated. a Killed 


from these eggs and inoculated into the 
yolk sac of 6-day-old embryonating chicken 
eggs. No agent was recovered from these 
44 eggs. Embryos of six eggs were dead at 
21 days and seven of the eggs had been 
pipped. None was abnormal nor did the 
yolks yield an infectious agent. The re- 
maining eggs were allowed to hatch; the 
chicks remained normal during a_ four- 
week observation period. 

Yolk cultures of agent 36 were diluted 
from 10' to 10° with physiological saline 
solution and inoculated into 5-day-old em- 
bryonating chicken eggs. Three eggs were 
used for each dilution. The embryos which 
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survived were allowed to hatch. The chicks 
were killed and examined at seven days. 
The spleens of 2 were enlarged, one from 
the 10° the other from 10* dilution. The 
agent was recovered from the spleen of a 
chick receiving the 10° dilution. Wills * 
inoculated a hock exudate suspension into 
the yolk sae of 11 7-day-old embryos. Of 
7 normal chicks obtained from the 11 eggs, 
1 developed arthritis on the nineteenth 
day. No lesions were found in the remain- 
ing chicks when 4 weeks old. 

Susceptibility of Other Animals.—At- 
tempts were made to transmit agent 36 by 
intramuscular inoculation of 12 young 
Swiss mice; by intraperitoneal inoculation 
of a 5-day-old lamb, 2 5-day-old pigs, and 
5 3-day-old rats; by intracranial inocula- 
tion of 5 3-day-old rats; and by intramus- 
cular and subeutaneous inoculation of 1 
rabbit. In all cases, the inoculum had been 
found to be pathogenic for chickens 
Neither the lamb, rabbit, mice, rats, or 
pigs developed signs of infectious synovi 
tis nor were gross lesions of infectious syn- 
ovitis observed at necropsy. 

The susceptibility of turkeys to infee- 
tious synovitis was ascertained by expos- 
ing 4-week-old poults to the eighteenth 
volk embryo passage and first, second, and 
third chicken passages of a joint fluid sus- 
pension of agent 36. The results are sum- 
marized (table 5) 

The turkeys were kept in isolation cages 


Fig. 3—An isolated control turkey (right) and 2 experimental turkeys with infectious synovi- 
tis (left). 
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for 30 to 35 days following inoculation 
and necropsies were done on those with 
signs of infectious synovitis. The remain 
ing turkeys were moved to an outside 
house and observed for an additional 60 
days. All turkeys placed outside remained 
normal. 

Turkeys experimentally infected with 
infectious synovitis had essentially the 
same signs, lesions, and incubation period 
as those described for chickens (fig. 3). 

The synovitis agent was recovered in 
embryonating chicken eggs from experi- 
mentally inoculated turkeys by the meth- 
ods previously described in this paper. 

Snoeyenbos and Olesiuk” reported on 
an agent isolated from naturally occurring 
arthritis in turkeys. The agent was more 
pathogenic for chickens than for turkeys. 
These workers believed the agent to be 
similar to the one reported by Wills **'° 
and to the synovitis agent described in this 
report. 

DiIsCUSSION 


A diagnosis of infectious synovitis can 
usually be made on the basis of pale combs, 
droopiness, emaciation, leg weakness along 
with breast blisters and enlarged foot 
pads, or hock joints which contain a vis- 
cous creamy or caseous exudate. Bacteria 
and PPL) as a cause of synovitis or arth- 
ritis must be eliminated by bacteriological 
procedures. Where possible, yolk sac inoc 
ulation of 5- or 6-day-old embryonating 
eggs should be made. 

The reports of Wills,*" 
Olesiuk,” Cover and Galeta,’ 
and personal communications from = vari 
diagnostic laboratories and poultry 
processors indicate that the disease is 
widespread in the broiler-producing areas 
of the United States. 

Infectious synovitis described in this re- 


Snoeyenbos and 
Cover et al.,' 


ous 


port is a separate disease entity caused by 
a large-particle virus or viruses. This con 
clusion is based on the lack of growth in 
cell-free mediums, the ability of the agent 
to pass a Sietz filter,” susceptibility to an- 
tibioties,’* and particle size as deter 
mined by electron photomicrographs 
(Leece and Sperling’). Whether the dis 
ease is caused by a single virus or several 
viruses must be determined by further re 
search on infectious synovitis. The im 
portance of a PPLO synovitis’? must be 
established. 

Infectious synovitis of chickens is char 
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INFECTIOUS SYNOVITIS IN CHICKENS 


acterized by anemia, pale comb, leg weak 
ness, droopiness, emaciation, enlarged 
hocks and foot pads, breast blisters, and 
dehydration; at necropsy, by creamy or 
caseous exudates involving the synovial or 
bursal membranes, swollen kidneys, ocea 
sionally enlarged and livers, 
and occasional splenomegaly ; and hemato 
logically, by reduced hemoglobin, lower 
erythrocyte and higher leukocyte counts, 
by decrease in the percentage of lympho 
cytes, and by an increase in the percentage 
of monocytes, heterophils, and 
forms’ of white blood cells. 


discolored 


SUMMARY 


The signs, lesions, transmission, cultiva 
tion, and susceptibility of other 
SVNOVITIS of chiekens 


animals 


to infectious are 


described 
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EvecrrorHoreric and chemical analyses of 
antibacterial and antiprotein serums show, 
in general, a decrease of albumin and an 
inerease of globulins, particularly gamma 
globulin. * There have also been reports 
to the contrary.*° Some antiviral serums 
of high antibody content, such as those of 
western and Venezuelan equine encepha 
lomyelitis, Japanese B encephalitis, influ 
enza, foot-and-mouth disease, and vesicular 
stomatitis, exhibit little or no change from 
the normal with respect to albumin and 
globulin.?°'* Other antiviral serums, par 
ticularly those of infectious hepatitis, ho 
mologous serum jaundice, infectious mono 
nucleosis, lymphogranuloma, and equine 
infectious anemia, in which antibody stud- 
ies have been conducted, show low albumin 
and high globulin values.*:'**! The pres 
ent study was undertaken to determine 
any quantitative relationship between total 
globulin, gamma globulin, and neutraliz 
ing antibodies as shown by electrophoretic 
and serum-neutralization studies of serums 
from chickens exposed to infectious bron- 
chitis virus (IBV). 


MATERIALS AND METHODS 


Two different strains of IBV were employed 
Strain VR (lot 285)," a chicken-propagated strain, 
was used in the form of an infeeted lung and 
tracheal suspension to inoculate the chickens 
Signs of the disease usually appeared about 24 
hours after intratracheal instillation of 0.2 ml. of 
the suspension followed by swabbing of the trachea. 

Strain V114D, a chicken embryo-adapted strain 
capable of killing all embryos within 36 hours 
after inoculation via the allantoie eavity, was used 


as the antigen in the serum-neutralization tests 
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Electrophoretic and Serum Neutralization Studies of 
Infectious Bronchitis of Chickens 


GEORGE T. DIMOPOULLOS, Ph.D., and CHAS. H. CUNNINGHAM, D.V.M., Ph.D. 


East Lansing, Michigan 


Infectious bronchitis virus antibodies specifically 


neutralized this strain 

Single comb White Leghorn cockerels,t ranging 
in age from 7 to 9 months at the beginning of 
the experiment, were used. The chickens were di 


vided into three groups as follows: group 1, eon 


trols; group ce, chiekens receiving one inoculation 
with IBV; and group 3, chickens inoculated with 
IBV and reinoeulated 12 weeks Jater 

A commercial, growing mash containing at least 
"0 per cent protein was fed ad libitum, The chick 
ens were fasted for 18 to 24 hours prior to the 
collection of 20 ml. of blood by eardiae puncture 
at each bleeding period. All serums were negative 
for Neweastle disease antibodies as determined by 
the hemagglutination-inhibition test. All ehiekens 
which died during the course of the experiment 
and those living at the terminal period were sub 
jected to necropsy. 

For the serum-neutralization test,” ™ serial ten 
fold dilutions of IBV, V114D-infected allantoic 
fluid were prepared in Difeo nutrient broth and 
mixed with equal portions of undiluted serum 
Quantitative virus controls were prepared by mix 
ing equal portions of each virus dilution with 
Difeo nutrient broth. All mixtures were ineubated 
at 4.0C, for 30 minutes. Five 10-day-old embryo 
nating chicken eggs were used per dilution and 0.1 
ml. of inoculum was injected via the allantoic 
cavity. All incubation was at 99.0 to 99.5 F., wet 
bulb 86.0 to 88.0 F., in an eleetric, foreed-draft 
incubator. Embryo mortality within the first 18 
hours postinoeulation was considered to be due to 
nonspecific causes and was not included in the fi 
nal computations. The postinoculation observation 
period was five days. The lethal doses neutrali 
zation index (ldo NI) of each serum was cal 
culated according to the method of Reed and 
Muench 

A standard veronal buffer ~ of 0.1 ionie strength, 
pH 8.6, as measured with the glass electrode at 
25.0 C., was used for dilution and dialysis of the 
serums prior to eleetrophoretic analyses 
serum was analyzed for protein by the Kjeldahl 
method, diluted to a 2 per cent coneentration, and 
then dialyzed aceording to the method of Reiner 
and Feniechel.” Eleetrolytie conduetanes equilit 


rium, a8 measured at 0.5 ¢ Was attained after 
dialysis for 90 minutes at re 
The Perkin Elmer-Tiselius eleetrophoresi ppa 
ratus, model SS, was used The eurrent ‘ d 
justed to 6 ma. and the voltage was m tained 
Supplied through the ourte of lire I V ater 
and } Cottral, Ke onal Poultry Kesearch Lal 


orator East Lansing, Micl 
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107.0 v., giving a potential gra 


dient of approximately 6.5. y. 


at approximately 
per centimeter” at 
in a 2-ml 
ing a 
fustest 


two 


cupacity electrophoresis cell hay 
em. When the 
migrated about 
the cell 


components 


area of 
component had 


through 


cress sectional 
moving 
thirds the 
the 

photographed by 
fication of the 


distance (7,600 


seconds separated serum were 


the Longsworth seanning modi 
achlicren system. 

The pattern from the descending limb was en 
larged twofold and traced on The 
that attributable to the various serum 
ponents, as defined by Tiselius and Kabat,” were 
measured with a planimeter and the concentrations 


paper, arenas 


were com 


computed, Mobilities were calculated according to 


the method of Longsworth and Maelnnes 


RESULTS 


The pertinent information to be derived 
from the electrophoretic analyses is best 
presented in summation as the albumin. 
globulin ratio (A/G), total globulin and 
gamma globulin as grams per 100 ml. of 
serum (G Gm./100 ml. and yG@ Gm./100 
ml., respectively), and Ld... NI for the 
individual chickens, and the average for 
and 3). 
Since not all chickens participated at each 
sampling period of the experiment and 
marked individual variations were found, 


each group as shown (tables 1, 2, 


INrecTioUS oF CHICKENS 


assessment of the results is best approached 
through consideration of the trends as 
shown by the average data for each group 
These average data are presented graphi 
cally (fig. 1) 

Group 1, Controls.—Variations encoun 
tered in the A/G for the group were most 
prominent during the first four weeks of 
the experiment and reflected the fluctua 
tions of G and yG when samples were 
collected) weekly. During the remaining 
portion of the experiment when samples 
were collected at intervals of four weeks or 
more, the A/G was relatively stabile and 
of the same general magnitude as the ini 
tial value (table 1, fig. 1). With the ex 
ception of chicken 4 at three periods, all 
A/G values showed a greater concentra 
tion of globulin than albumin 

Total globulin and yG@ values varied at 
the several sampling periods but a general 
trend was evident. The initial averages of 
G 2.17 Gm./100 ml. and 1.22 Gm./100 
ml. decreased in one week to 2.04 and 1.07, 
respectively These were followed by pro 
gressive increases to maximums of 2.42 and 
1.37 for the third week. At the fourth 
week, total globulin was 2.09 Gm./100 ml 
but, for the eighth and twelfth weeks, it 


TABLE 1—Electrophoretic and Serum-Neutralization Analyses of Chicken Serum of 
Group 1—Controls 


0.43 

2.04 

1.07 

15 
pool of equal portions of 
ratio; G total 
100 mil. of serum; NI ld 
of blood 


* This sample was a 
tT A/G albumin-globulin 
globulin as 
t Died 


per 
after collection 


serume from chickens 5 


globulin as 


Time (weeks) 


and 


gramea per 100 ml of serum gamma 


neutralization index 


as 
‘ 
= < a 
197 
« 
, 
é% 
No 0 2 1 12 17 
AG 0.64 0.77 O65 “7 
G 2.24 2.21 2.5 2.57 2.27 2.56 mi 
1.28 15 1.27 144 
NI iv 11 1.4 1.7 13 
AG ORS oul O68 0 66 
2.13 1.95 24 2.82 
4G 1.27 1.02 139 1.36 
G 2.15 1.97 2.45 2.4 > 
11 O95 1.16 1.22 ~ 
NI 10 1.5 0.3 1.7 
G 1.60 1 66 1.75 1.77 
NI 11 1.4 1.5 10 
AG 0.56 047 
G 2.7 
NI 
‘ 
6 A 064 0.76 
G 214 20 
7G 1.24 106 
2.42 2.09 2.17 2.15 2.41 
1.47 1.19 1.14 1.17 
NI 14 1.2 i4 1.2 
ase 


G. T. C. H. CUNNINGHAM 


was similar to the initial level with an 
increase to a terminal value of 2.31 Gm. 
100 ml. The level of gamma globulin from 
the fourth through the seventeenth weeks 
was lower than the initial level but re 
mained relatively stabile (table 1, fig. 1). 
yG@ for chickens 
seventeenth 


The average of G and 
5 and 6 at the eighth 
weeks, periods for which 
been made on the pooled sample from these 
chickens, were in agreement with the value 
for the fourth and twelfth weeks and fit 
the general trend. 

The average I.d.,, NI showed variation 
at the sampling periods but were in fairly 
close agreement with the normal 
able level of + The most 
marked variations occurred during the 
first four weeks. During the remaining 
13 weeks, the values were relatively sta- 
bile (table 1, fig. 1). 

Chickens 2 and 3 died during the fourth 
and third weeks, respectively, from internal 
hemorrhage following collection of blood 
At necropsy, they were normal and bae 
teriological and virological isolation at- 
tempts were negative 

Group 2, Chickens Inoculated Once with 
Infectious Bronchitis Virus._-The A/G de- 


and 
analyses had not 


accept 
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0.61 at the first 
week to 0.42 for the second week. From 
this time to the terminal period of 20 
weeks, there was a constant progression to 
0.82. 

Total globulin and gamma globulin in 
creased abruptly from 100° mi. 
and 1.49 Gm./100 mlL., respectively, to maxi- 
mums of G 3.38 Gm./100 ml. and yG 1.99 
Gm./100 ml. in two weeks. These were fol- 
lowed by progressive decreases to G 2.18 
Gim./100 ml. and yG 1.08 Gm./100 ml. for 
the tenth week Both showed minor in 
creases during the twelfth and sixteenth 
weeks followed by decreases to mibimums 
of G 2.01 Gm./100 ml. and yG 1,03 Gi. 
100 ml. for the terminal period of 20 
weeks, Subsequent to the fourth and sixth 
weeks, respectively, the levels of G and yG 
were below the initial level (table 2, fig. 1). 

All Ld.., NI at the beginning of the ex- 
periment were within the normal aecept- 
able level.2° The neutralizing antibody re 
sponse was typical of IBV infection 
There was an ascending progression of the 
average |.d.,, NI from 1.1 to a maximum 
of 4.5 which remained essentially the 
same from the sixth through the tenth 
weeks. After this, there was a progressive 


creased abruptly from 


2.65 Gm 


10 


TABLE 2—Electrophoretic and Serum-Neutralization Analyses of Chicken Serum of 
Group 2—Chickens Inoculated Once with Infectious Bronchitis Virus 


AG 
NI 
AG 
VG 
NI 
AG 


NI 


VG 
NI 


NI 


a 
NI 
NI 
albumin globulin ratio; G total 


globulin as grams per 100 ml, of serum; NI 
t Died after collection of blood 


globulin as 
1.d so 


Time (weeks) 


grams per 100 


neutralization index 


. 
“23 
Ne 0 2 6 10 12 16 20 
O.77 0.48 O58 0.67 0.58 0.66 0.6" 0.73 0.74 0.735 
ee 2.36 2.61 $06 294 252 283 2.53 2.62 2.44 2.88 2.44 
1.42 141 1.47 1.73 1.49 1.41 1.46 1.38 1.33 1.51 1.33 
09 19 3.6 4.1 49 5.0 4.3 4.1 4.1 
0.62 O36 O44 O52 O65 O59 065 0.69 0.7 0.76 0.73 
ae 2.66 1.54 1.37 3.06 266 2.43 2.45 245 2.27 2.34 1.85 
1.5 20 2.0 1.86 1.64 1.43 1.28 1.32 1.22 1.24 0.98 
1.0 10 2.7 3.0 1.6 1.6 5.2 4.2 +4 
Sie 2.2) 2.45 2.7 2.68 2.32 2.52 2.45 2.37 
a 1.23 1.3 156 1.64 1.37 1.49 1.37 1.18 
1.2 1.6 4.6 1.4 5.1 47 45 
i AG 0.46 0.45 0.22 
1.94 4.47 ‘71 1.46 
ere: 1.92 173 2.53 2.0 209 2.11 
14 1.5 4.0 4.5 5.7 
AG 0,67 0.77 0.7 0.72 OR 
2.21 1.98 2.17 19902 2.53 2.2 
117 1.09 1.03 O89 112 1,38 1.09 
2.4 3.6 | 4.2 $9 
6 A/G 0.76 0.98 1.02 11) 
1.74 1.7 1.46 1.87 1.58 
Lee 0.94 0.86 0.62 0.83 0.73 
4.2 28 2.7 2.7 2.5 
Ay O.5 0.57 0.59 0.67 0.73 0.74 
oy 04 2.68 249 226 218 227 2.4 2.01 
155 148 1.2 1.08 4.22 1.24 1.03 
1.6 3.9 1.5 14 4.5 41 3.6 
of serum; 7G gamma 
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decrease to the terminal value of 3.4. Maxi 
mum individual Ld... NI occurred during 
the sixth to tenth weeks and were re- 
flected in the plateau of the averages at 
these periods (table 2, fig. 1 

At the termination of the experiment 
chicken 2 showed visceral lymphomatosis 
at necropsy. Chicken 4 died during the 
sixth week from internal hemorrhage fol. 
lowing collection of blood and was found 
to have neural lymphomatosis. Bacterio 
logical and virological isolation attempts 
on these chickens were negative. The L 
component, as deseribed by Sanders al.,°' 
in serums examined electrophoretically 
from chickens affected with various forms 
of Iymphomatosis was not present in the 
serums from these chickens 

Group 3, Chickens Inoculated with In 
fectious Bronchitis Virus and Reinoculated 
Twelve Weeks Later.—With this group, 
major emphasis was placed on the anti 
body response following reinoculation at 
the twelfth week. Chicken 1 participated 
in the entire experiment to serve for com 
parison with group 2 during the period 
prior to reinoculation. Chicken 2 was em 
ployed during the sixth and tenth weeks 
to further establish the period of maxi 
mum ld... NI after initial inoculation. 
Chickens 3 and 4 were used solely for the 
antibody response following reinoculation. 

The A/G followed a pattern similar to 
that of group 2, with certain minor dif- 


1 A 0.66 0.38 o.5l 0.640 0.66 
G 2.41 2.92 2.44 2.59 2.49 2.3 


VG 
NI 
A/G 


NI 


TABLE 3—Electrophoretic and Serum-Neutralization Analyses of Chicken Serum of 
Group 3—Chickens Inoculated with Infectious Bronchitis Virus and Reinoculated 
Twelve Weeks Later 
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ferences. The initial ratio of 0.66 decreased 
to a minimum of 0.38 in one week. From 
this time to the terminal period of 19 
weeks, the ratio increased with some flue 
tuation to 0.79 

Total globulin and gamma globulin like 
wise exhibited a trend similar to that of 
group 2. Total globulin increased from 
2.41 Gm./100 ml. to a maximum of 2.92 in 
one week, This was followed by a decrease 
to 2.11 Gm./100 mil. for the twelfth week, 
an increase to 2.38 Gm. 100 mil. for the 
seventeenth week, and an abrupt decline 
to the terminal value and minimum of 2.08 
(im. /100 mil 

Gamma giobulin inereased from 1.35 
(im. 100 ml. to the maximum of 1.62 
(im./100 mi. in two weeks followed by a 
general decline to the minimum of 1,08 
Gim./100 ml. at the twelfth week. This in 
creased to 1.25 Gm./100 ml. during the 
seventeenth week and declined to 1.15 
(im./100 ml. for the nineteenth week 

Neutralizing antibody response of chick 
ens 1 and 2 following initial inoculation 
was typical for IBV infection and closely 
paralleled the trend of group 2. The Ld 
NI increased from 0.4 to a maximum pla 
teau of approximately 4.6 from the sixth 
to tenth weeks followed by a decline to 4.1 
for the twelfth week. The effect of rein 
oculation at this period was quite marked 
The Ld.,,. NI increased from 4.1 to a maxi 
mum for the experiment of 6.1 in’ three 


AG 0.69 066 0.62 75 i4 
2.41 2.92 2.44 2.49 2.49 2.35 2.3 2.2 2.11 216 2.17 2.08 
1.38 1.61 162 144 1.44 %1.385 1.43 1.11 1.08 3.33 1.38 13.25 1.38 
NI 04 1.5 3.2 45 5.3 16 41 0 61 4 
* Chickens reinoculated with infectious bronch virus 
AG albumin globulin ratio; G total globulin as grams per 100 ml. of serum; 9G gamma 


globulin as grams per 100 mi. of serum; NI Ld ce 


neutralization index 


. 
or 
ue 
¥ 
De 
ide 
Time (weeks) 
0.72 0.76 “76 “0.74 o76 
9 23 21 2.07 2.19 1.79 221 20 
1393 1.05 1.00 1.18 O97 1.16 1.02 
NI 0.4 1.5 10 3.2 3.7 14 41 6 
2 AG 0.63 “064 069 OSS O62 0 62 
G 2.44 291 2.31 244 2.71 2.76 2.54 
14 1.17 124 1.38 16 157 1.55 
NI 5.2 1.4 4.3 70 4 
AG 083 O75 O84 O77 
107 096 1.0% 145 
6.4 6.2 60 
4 092 0.77 0.75 
1.97 205 2.18 256 20 3 
093 O99 342 2.12 1.05 
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weeks after reinoculation on the fifteenth 
week of the experiment. During the sub- 
sequent four weeks to the termination of 
the experiment at the nineteenth week, 
there was a gradual decline to 5.4 (table 
4, fig. 1). 

Discussion 

Electrophoretic analyses resulted in the 
separation of chicken serum into five com- 
ponents: albumin, a/pha-1 globulin, alpha- 
2 globulin, beta globulin, and gamma glob- 
ulin. Mobilities of these components in all 
groups of chickens agreed essentially with 
the values reported by Sanders ef al.’ 
and were as follows on the basis of em.’ 
see./v. x 10°: albumin, 6.0; alpha-1 globu- 
lin, 5.2; alpha-2 globulin, 4.4; beta globu- 
lin, 3.6; and gamma globulin, 2.0. 

Marked variations were encountered in 
the relative per cent distribution of serum 
components from chickens at the begin- 
ning of the experiment. The average per 
cent composition and range of the com- 
ponents were as follows: albumin, 40.2 
(31.4 to 45.6); alpha-1 globulin, 10.1 (7.7 
to 11.2) ; alpha-2 globulin, 6.7 (3.7 to 9.0) ; 
beta globulin, 9.5 (8.1 to 11.6); and gamma 
globulin, 33.5 (31.6 to 37.8). The average 
A/G was 0.67, with a range from 0.46 to 
O89. The protein content averaged 4.09 
(im. /100 ml. with a range from 3.73 to 
5.08 Gm./100 ml. 

Sanders ef al.,"' using veronal buffer at 
pH 8.6, 0.1 ionic strength, found the fol- 
lowing average per cent values for chicken 
serum components: albumin, 46.0; alpha 
globulin, 13.1; beta globulin, 15.7; and 
gamma globulin, 21.6. The A/G was 0.85, 

Deutsch ef al. ** employed veronal buf- 
fer at pH 8.6, 0.1 ionie strength, and re- 
ported the followine average per cent 
values for chieken serum components: 
albumin, 46.0; alpha globulin, 22.0; beta 
globulin, 8.0; and gamma globulin, 24.0. 
The A/G was 0.85, 

In the present study, the lL, component, 
as described by Sanders ef was not 
observed in the electrophoretic patterns of 
chickens showing gross evidence of lympho- 
matosis at necropsy. It is possible that this 
component may be an artefact similar to 
that observed in the patterns from the as- 
cending limb of the electrophoresis cell. 
It seems to be comparable with the gamma 
anomaly of the pattern of the descending 
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limb. The Ll, component, or a component 
similar to it, was observed in the ascending 
patterns of serums from chickens that did 
not show manifestations of lymphomatosis. 

The data from the experiment offer the 
following points for consideration: (1) 
the effect of the volume of blood collected 
at certain time intervals, (2) the effect of 
primary antigenic stimulus, and (3) the 
effect of secondary stimulus. 

In the control group, it is evident that 
the volume of blood collected at weekly 
intervals for the first four weeks induced 
an imbalance of serum components. This 
is shown by the irregularity of the A/G 
ratios and quantitative values of the serum 
components until restoration of the normal 
equilibrium at the fourth week. The in- 
crease of albumin was probably a com- 
pensatory mechanism to maintain osmotic 
pressure affected by the decrease of total 
globulin. Osmotic pressure of albumin, 
owing to the greater number of particles 
per unit volume, is much higher than 
that of globulin.** When the same _ vol- 
ume of blood was collected at intervals 
of four weeks or more, the interim was 
sufficient for restoration of the serum pro- 
tein equilibrium. 

Variations in the Ld.., NI were encoun- 
tered when blood was collected at weekly 
intervals as compared to the stability of 
the values when blood was collected at in- 
tervals of four weeks or more. 

Two types of measurable response, glob- 
ulin and neutralizing antibodies, resulted 
as a definite series of events from the pri 
mary antigenic stimulus received by groups 
2 and 3. Each type was similar in both 
groups but there was a divergence between 
types. The general pattern was a rapid 
rise of total globulin and gamma globulin 
to a maximum within two weeks followed 
by a recession during the next eight weeks 
to levels lower than the initial level. Minor 
fluctuations oecurred during the remainder 
of the experiment but none was considered 
to be significant. 

Neutralizing antibodies showed a_ vig 
orous and continuous response with the 
maximum levels being attained within six 
to eight weeks. In group 2 which received 
only the primary antigenic stimulus, neu- 
tralizing antibodies gradually declined dur 
ing the remainder of the experiment. The 
terminal value was 2.3 log units higher 
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lower than the maximum value. 

The secondary antigenic stimulus re- 
ceived by group 3, 12 weeks after the 
primary stimulus, produced no significant 
response of total globulin or gamma globu- 
lin. Neutralizing antibodies, however, were 
increased to a level of 1.5 log units higher 
than the previous peak which was 4.2 log 
units higher than the initial level. A grad- 
ual decline occurred with the terminal 
value being 0.7 units lower than the maxi- 
mum, but 5.0 log units higher than the 
initial level. 

Formulation of a hypothesis as to the 
relation of total globulin and gamma glob- 
ulin and neutralizing antibodies is beyond 
the scope of the present study. Further 
evidence is needed as to the residence and 
function of antibodies within certain se- 
rum fractions. Chemical fractionation of 
serum into its component parts and sero- 
logical studies should be employed. In 
the present study, two different meth- 
ods of assay were used: (1) physical as- 
say by electrophoresis for quantitative 
determination of serum components, and 
(2) biological assay for the quantitative 
determination of the infectivity-neutraliz- 
ing potential of serum antibodies. 

It is well known that antibodies are 
found in globulins whose molecules are 
adapted complementarily to the determi- 
nant groups of the antigen. It is appar- 
ent from the present study that antibody 
formation was not impaired by the imbal- 
ance of serum components which occurred 
during the first four weeks of the experi- 
ment." * The primary antigenic stimu- 
lus was accompanied by a marked but 
transient increase of total globulin and 
gamma globulin. Neutralizing antibodies 
showed a vigorous and prolonged response. 
Their further presence was not dependent 
on the accompanying increased level of 
total globulin or gamma globulin when the 
infectivity-neutralizing potential of the 
serum was at the maximum. 


SUMMARY 


Electrophoretic and serum-neutraltization 
studies were made on serums from chick- 
ens that received a primary antigenic stim- 
ulus with infectious bronchitis virus and 
from chickens that received, in addition, a 
secondary stimulus 12 weeks later. 
Collection of 20 ml. of blood from the 


than the initial value, and 1.1 log units 
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four weeks of the experiment induced an 
imbalance of serum components as detected 
in the control group. When the same vol- 
ume of blood was collected at intervals of 
four weeks or more, the interim was suffi- 
cient for restoration of the serum protein 
equilibrium. 

Response to primary antigenic stimulus 
was not impaired by the imbalance of 
serum proteins. Total globulin and gamma 
globulin inereased to maximums within 
two weeks followed by a recession during 
the next eight weeks to minimums which 
persisted for the subsequent ten weeks of 
the experiment. Maximum neutralizing 
antibody levels were attained in six to 
eight weeks with a slight decline during 
the next 12. weeks. When neutralizing 
antibodies were at the maximum, total 
globulin and gamma globulin were at the 
minimum, 

Receipt of the secondary antigenic stim 
ulus was manifested in three weeks by a 
further increase of neutralizing antibodies 
During the next four weeks, there was a 
slight decline but the terminal level was 
above the maximum induced by the pri 
mary stimulus. No. significant response 
of total globulin or gamma globulin was 
evident following secondary antigenic 
stimulus. 
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The Fungous Flora of Chickens with Infections of 
the Respiratory Tract 


H. L. CHUTE, D.V.M., D.V.Sc.; D. C. O'MEARA, 


M.S.; 


H. D. TRESNER, Ph.D.; E. LACOMBE 


Orono, 


IN RECENT years, the growing economic 
value of the poultry industry in the United 
States has warranted increased research 
on disease pre’ylems. 

The of Beaudette and 
1933, on laryngotracheitis and the study of 
(ND by 1942, 
lated the production and the use of vaccines for 
The 


Wis 


Hudson, in 
New 
stimu 


experiment 


castle disease Beach,’ in 
the control of respiratory diseases in birds. 
of fungous infections in birds 
Witter and Chute” and Chute et 
in 1952 and in 1955. 

The prevalence of fungi in the lungs of poul 


significance 


discussed by al, 


try has been reported from England by Jordan.’ 
This study was conducted on 25 birds. 
Penicillium were found in 18 of the 
amined and Aspergillus fumigatus in seven; 


Species of 
25 lungs ex 
three 
yielded no organisms. Aspergillus glaucus, Asper 
gillus candidus, Aspergillus versicolor, Mucor sp., 
and an unidentified yeast were also isolated, Over 
a period of years, Jordan” also cultured 378 erops 
of chickens dying from a variety of causes and 
found Candida albicans in 81. 

The purpose of the current study is to 
determine the fungous flora which might 
be commonly encountered in birds showing 
respiratory disease. The present report de 
scribes the methods used as well as the size 
and of the flock, data of sampling, 


fungi isolated, and diagnosis of the ease. 


ave 
aye 


MATERIALS AND Mernops 


Birds of 
different methods 
selected at 
Service, 


breeds, and under 


feeding, 


various ages and 
of management 


random 


and 
the Diagnostie 
Pathology, Uni 
Maine and 


were from 


Department of Animal 
of Maine. All 
all had a clinieal history of respiratory 

After a bird was killed by separating the atlo 
axoid joint, the feathers were soaked with liquid 
soap and the skin was removed from the ventral 
portions of the body. Aseptie precautions 
used in removing the breast. A 


versity birds were from 


disease. 


were 


small portion of 


Pathology (Chute 


Station, 


From Department of Animal 
O'Meara, 


University of 


Lacombe ) Agricultural Experiment 
Maine 
identifications made by 
Cyanamid Company, Research 
dicinal Chemical Research Section, 
Division, Pearl River, N. ¥ 
Supported in part by 9B3-NE5 regional funds for the 
poultry and a grant 
Lederle Lab 


Orono 

Dr. Tresner 

Division, Me 
Laboratories 


Culture were 
American 


Lederle 


of respiratory diseases of 
from American 


Division, Pearl 


control 
in-aid 
oratories 


Cyanamid Company 
River, N 


Maine 


well as the 
These tis 
and a 
aseptically and 
Daily obser 
made for approximately 


the abdominal or thoracie air sae, as 


lung, was removed into a sterile jar. 
taken to an inoculating 


wis 


sues were room 


portion of tissue removed 
placed on plates of agar 
vations for growth were 
ten days, and subcultures were made when growth 
in the study, 
and but 


this practice was later abandoned because exaetly 


of microorganisms appeared 


tracheal tissue was removed examined, 


reproducible results were not obtained, 

Sabouraud’s and Czapek’s agars were the me 
for culturing the fungous 
oxgall agar was 


phases of the investigation. 


diums used isolates 


although 


some of the early 


an filso employed in 

The final diagnosis of each case was determined 
from gross and microscopic pathological changes 
Duplicate seetions of all tissues were stained by 
with 
fungous stain. 


two techniques, hematoxylin 


eosin, the other with Gridley’s*® 


separate one 


The serological studies were earried out using 
standard hemagglutination-inhibition methods for 
the diagnosis of Neweastle disease. In 
neutralization tests for bronchitis, 10 
day-old chicken embryos and the Beaudette strain 
of egg-adapted bronehitis 
used throughout 
The 
(CRD)* 
tory disease accompanied by the findings of histo 


serum 
infeetious 


infectious 
the study. 
of 
was based on a history of mild respira 


Virus were 


diagnosis ehronie respiratory diseass 


pathological lymphoid foci in the lungs, trachen 
Air sae disease” was differentiated 
(1) being much more 
having a cheesy 


and air saes, 
from CRD by 
usually 


severe, 
the air 
pericarditis 


exudate in 


and (3) often being complicated by 


or perihepatitis, 


The results of the study are summarized 
(table 1). Although <A. fumigatus was 
most commonly isolated, Aspergilli belong 
ing to the species, Aspergillus flavus, A 
glaucus, and A. candidus were also found, 
Five species of Penicillium were isolated, 
with being 
the most common 
Penicillium, other genera of fungi isolated 
were Cephalosporium, Paecilomyces, Tri 
choderma, Scopulariopsis, and Mucor. 


Penicillium brevicompactum 


sesides Aspergillus and 


In the cases studied, serologically posi 
tive findings for infectious bronchitis or 
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No.* 


Date sampled 


4-12-54 1/5,000 
f 1/4,000 
12 1/25,000 
1/3,000 


3/15,400 


11,000 
25,700 
20,000 
2/24,000 
2/20,000 
16,000 
11,000 
1,200 


6,000 
4,000 


4,000 


10.000 


14,000 


8,000 


ooo 


640 


16.000 


10,000 


55 2/10,000 


* 1/5,000—1 


TABLE 1—Fungous Flora of Birds with a Respiratory Disease 


bird 


Age 


6 


wk 


wk 


wk. 


mo 
wk 
wk 


wk 
of 


smagglutination- inhibition 


column 


SN and 
The 
when the 


routine 


whereas 


ogy as & 


HI 


reason 


columns 
for this 
birds arrived 
procedure 


5,000 
test 


is that often only 


Vaccina 


Fungi isolated SN-IB** HI-NDt tions 


ND 
IB 
ND 
IB 
ND 
IB 
ND 


Aspergillus fumigatus 


A. fumigatus 


Aspergillus flavus 
Paecilomyces vas ioti 
Penicillium commune 
Cephalosporium sp 

No. 1-2—~Penicillium brevi 
compactum, Aspergillus 


IB 


glaucus group 

No, 3—P. brevicompactum 
Mucor ap 
No. 1-2 Negative 
P. brevicompactum 
P 
brevicompactum 
No. 1-2—-P 
compactum 


vartoti 


brevi 


ND 


IB 
IB 


1-2 Negative 
No. 1-2—P 
compactum 
No.1 


(near 7 


brevi 


ND 
IB 


Trichoderma 
glaucum ) 

P. brevicompactum 
1. fumigatus None 

None 

ND 


A. fumigatus 
A. fumigatus 
Negative 
Scopulariopsis sp 
P. brevicompactum IB 
Penicillium roqueforti 
No. 2 
brevicaulis 
No. roqueforti 
No. 1 A. fumi 
Mucor ap 

Aspergilus candidus 


Scopulartopats 


flavus 
gatua 
No. 2 
(or close), A. fumigatus 
1. fumigatus 
NS. brevicaulia 
Penicillium islan 
dicum, ne Aspergillus 


ar 
reatrictus (in A. glaucus 
group) 
No. 1 

No. 2 Negative 
No. 3 
No. 1 


plum 


Mucor «p 


fumigatus 
Penicitliam enclo 
S. brevicaulis, A 
fumigatus 
No.2 
No.1 
honingt 
No. 2 
No. 1 4 
No. 2—A Penicd 
lium terrestre series 
No.1 P 
No. 2 Negative 


S. brevicaulia 


brevicaulis 


richoderma 


brevicaulin 
flavus 
flavus 


cyclopium None 


None 
None 


A. fumigatus 
4. fumigatus 


None 
None 


4. fumigatus 
1. fumigatus 
Mucor ap 


No, fumigatus 


4. fumigatus None 


examine! for fungi ** serum neutralization tests 


Newcastle 


wan 
for 
which 


negative; + positive J 
not necessarily 
bird would be 


4 birds were 


disease; 
numbers tested, do 
a representative 


for study 


show 


at the laboratory usually 
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jelled; 8 
correspond 
examined 

bled for SN 


Diagnosis 


Fungous infection 
Fungous infection 


Avian encephalomyelitis 
upper respiratory disease 
Air sac disease; CRD 


Air sac disease 
aplastic anemia 


Air sac disease 


Air sac disease 


Air sac disease 
CRD 


Air sac disease 


Necrotic enteritis 
(iranulomatous 


inflation of lung 


Aspergillosis 
Fungous infection 
Aplastic anemia 
fungous infection 


Aplastic anemia 


Pneumonia; slight 
hypoplasia of bone 


marrow 


Aplastic anemia 


Undetermined 
respiratory disease 


CRD 


Aplastic anemia; CRD 


Fungous infection 
Fungous infection 
(brains, muacle, etc 
Fungous infection 
Fungous pneumonia 


Air sac disease 


Funcous infection 


for infectious bronchitis 
suspect 

to the “No. sampled 
for the fuangous flora 


IB and HI-ND sero! 


: 
4 
4 mo 4 
1-13-55 wk 34 
g 1-13-55 7 wk 28 ND Es 
18 
1-19-55 4 wk 14 ND 
2 4 IB 
2-2-5655 6 wk 24 None 
1 
id 
414-55 A wk. 
114-55 12 wk 
lo. 2 
No. 
1-14-55 9-10 So. 1-4 
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Neweastle disease would indicate that the 
birds had recovered from the disease. 

In view of the variety of organisms 
which could be isolated, previous attacks 
of respiratory disease, or the effects of 
vaccination, did not appear to materially 
alter the fungous flora of the lungs or the 
air sacs. 

DiscuSSION 


The study, based on isolations of fungi 
from 63 birds selected from 29 flocks, 
which totaled 277,690 birds, gives an in 
dication of the common types of fungi 
which may be present in the lungs and 
the air sacs. Practically all of the birds 
studied were of the White Plymouth Rock 
breed and came from large broiler plants 
In view of the fact that the same organ 
isms were isolated on a number of trials 
from several pieces of tissue from the same 
lung, it would seem that the techniques 
employed were reliable. 

The work indicated that A. fumigatus 
was the most common fungous pathogen of 
the birds studied ; however, tissue invasion 
was not established in all birds from which 
the organism was isolated. This points to 
the necessity of careful and adequate tis 
sue examination before a positive diagno- 
sis may be made. There is no information 
to show that the cultures, other than A. 
fumigatus, which were isolated were non- 
pathogenic. 

Other studies have indicated that the 
fungi found growing on spilled feed or in 
the litter are also commonly found in the 
lungs. Unpublished data from our labora- 
tory have shown that on one farm on four 
different occasions Paecilomyces varioti 
and A. fumigatus were isolated from the 
litter, lungs, and air saes of birds and 
from the air of the poultry house. 

Practically all of the cultures isolated 
have at some time been incriminated in do- 
mestic animal or human disease syn- 
dromes. Recently, studies by Forgacs and 


Carll* have also related ‘* hemorrhagic 
syndrome’’ or aplastic anemia to toxic 
feed substrates produced by certain spe- 
cies of fungi growing in the feed. They 
reported that they produced lesions simi- 
lar to those in field cases of hemorrhagic 
disease by feeding day-old chicks scratch 
grain on which selected strains of asper 
gilli, penicillia, and Alternaria had been 
cultured. 

The finding of 5 completely negative 
birds from three different flocks would in 
dicate that some birds, and perhaps some 
flocks, are relatively free from viable fun 
gous spores or hyphae in their lungs or air 
sacs. 

SUMMARY 


The lungs and air saes of 63 birds from 
29 flocks were cultured for fungi. The fol 
lowing genera were found: Aspergillus, 
Penicillium, Paecilomyces, Cephalospo 
rium, Trichoderma, Secopulariopsis, and 
Mucor. 

Aspergillus fumigatus was the pathogen 
most commonly encountered but it was not 
found invariably to invade tissue with 
which it was associated 
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Micropathological Changes in an Experimental Hemorrhagic 
Syndrome in Chickens Fed Sulfaquinoxaline and 
Suggested Cause of the Disease 


V. L. SANGER, D.V.M., M.S.; H. YACOWITZ, Ph.D.; 
E. N. MOORE, D.V.M. 


Wooster, Ohio 


A CONDITION called ‘‘ hemorrhagic disease’’ 
has been recognized in poultry since 1951. 
In some sections, it has assumed consider- 
able economic importance. 

While hemorrhages are a common fea- 
ture of the disease, other lesions, including 
focal necrosis of the liver and spleen, ane- 
mia, pale comb and yellow bone marrow, 
are usually present. The exact 
all expressions of the syndrome are not 
known but, in many flocks, the condition is 
associated with some form of medication of 
the feed or water. 

When hemorrhagic first ap 
peared, some workers associated it with 
vitamin K deficiency but it now appears 
that they are different entities.’ 

Wehr’ fed 
and produced necrosis of the liver and spleen as 
well as retarded weight gains 
found hemorrhagic 
chickens fed three different 
infiltration, hemorrhage and 


CHISES of 


disease 


Farr and sulfamerazine to chickens 
Levine and Barber * 
infarets in the spleens of 
Cellular 


well as 


sulfa drugs 
necrosis,” 
necrotic, granulomatous, and inflammatory lesions,’ 
were found in human patients who died after re 
ceiving sulfa drugs. Merkel’ found 
of the liver, spleen, bone marrow, lymph 


foeal necrosis 

nodes, 
lungs, and kidneys of 4 human patients who died 
following sulfathiazole therapy. Some of the le 
sions were infiltrated with polymorphonuelear cells 
Young” reported the death of a 
from granuloeytopenia 
The bone 
granular cells, Holtzman 
fatal case of granulocytopenia following sulfanila 
mide therapy. 

Endicott, Kornberg, and Daft” produced bone 
marrow depression and hemorrhages in many tis 
sues of rats fed five different 
acetylsulfadiazine in purified 
Jaquette 
spleens of chickens fed sulfamerazine. 
and Milliff,” Baker and Jaquette,’ 
reported hemorrhages in chicks treated with sulfa 
quinoxaline, Gray, Snoeyenbos, and Reynolds” de 


human patient 


caused by sulfanilamide. 


marrow showed complete absence of 


Berg and reported a 


sulfa drugs or 


diets. Farr and 
found necrosis and hemorrhage in the 
Delaplane 


and Davies 


scribed field cases of hemorrhagic disease in which 


From the Departments of Veterinary Science and Poul 
try Seience, Ohio Agricultural Experiment Station 
Wooster 

Dr. Yacowitaz is now 
Medical Research, New 


with The Squibb Institute for 


Brunswick, N 


microscopic lesions included hemor 
fatty 
marrow, pale blood, and intestinal uleerations. All 
of the eight affected flocks had been treated with 
Mellen, Gill’ 


necrosis of the and 


gross and 


rhage, liver necrosis, and hypoplastic hone 


and 
liver 


anticoecidial drugs. Cover, 
found 
intestines of chickens from field cases of the hem 
flocks had 
had 
posed to the drug, but it was not stated whether 
Sadek, Hanson, and 


found neerotie foci in the spleen, neero 


hemorrhage and 


orrhagie syndrome. Some been treated 


with sulfaquinoxaline; others never been ex 


other drugs had been used, 
Alberts 
sis of renal tubular epithelium, watery, pale blood, 
pale yellowish, hypoplastic bone marrow, agranu 
locytosis, and muscular hemorrhage among chick 
ens from flocks which had been treated with sulfa 
They 
their 


observed a 


findings 


quinoxaline and other drugs 


similarity between some of and 
hypoplastic anemin in man 
Woodcock, Blake,” 
Me Millan 


lesions fol 


Hageman and 
Lichtenstein and Fox," French,” More, 

Duff,’ Hoek attributed the 
lowing sulfonamide therapy to 


Lodge and 


and and 
an allergie reaction 
and other authors, have demonstrated 


and Davis, 


the linkage of sulfonamides to protein. 
More, MeMillan, and Duff 


individual idiosynerasy are not 


plasma 
that toxicity 
sufficient to 


suggest 
and 
reactions and lesions that 
Heck ™ stated 


known whieh will produce 


account for all of the 
might follow 
that over 50 drugs are 


sulfonamide therapy. 
aeute reaetions with agranulocytosis in man, 

Moore et al, 
flock of young chickens at the Ohio Agricultural 


reported hemorrhagie disease in a 


Experiment Station. 
after the birds 
treatment 


The discase appeared shortly 
were fed sulfaquinoxaline as a 
for coccidiosis. This ineident prompted 


a study of sulfaquinoxaline toxicity for birds on 
standard rations containing adequate vitamin K 
and alfalfa. Yacowitz ef al 
0.1 per cent, and 0.15 per cent sulfaquinoxaline 
to the feed of ten different chicks; 
three groups were kept as controls. All pens eon 
tained 40 or more birds. Chicks 
different ages. Externally 
appeared in chicks 


except in 


added 0.05 per cent, 

groups of 
were started on 
the drug at visible 


hemorrhages some from all 


groups receiving sulfaquinoxaline, two 
in whieh the chicks were started on the drug at 1 
age; 
hemorrhages in some birds from all groups receiv 


External 


day of however, necropsy revealed gross 


ing sulfaquinoxaline. hemorrhages did 


not appear in eontrol birds, whieh reeeived the 


same rations but without sulfaquinoxaline, but an 
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oceasional fine superficial linear hemorrhage was 
seen at necropsy on the legs and breasts of a few 
chickens. The cause of these is not known, but 
there was no resemblance to the extensive hemor 
rhagie lesions seen in the treated birds. Micro 
pathological changes found in representative birds 
from this experiment are deseribed in this paper. 


MATERIALS AND METHODS 


Since time did not permit a detailed histopatho 
logical study of all the birds in the experiment, 2 
birds were chosen at random from the control 
groups and 4 birds with numerous museular hem 
orrhages were selected from the group whieh had 
veeeived 0.1 per cent sulfaquinoxaline, Tissues 
from birds which received sulfaquinoxaline at lev 
els of 0.05 per cent and 0.15 per cent were not 
studied. Heart, liver, brain, seiatie nerve, skeletal 
musele, lung, kidney, spleen, thymus, proventricu 
lus, ovary, testicle, gizzard, small intestine, pan 
creas, adrenal, and bone marrow from the prox 
imal third of the tibia were saved for study. 
Tissues were fixed in 10 per cent neutral formalin, 
embedded in paraffin, and sectioned at 6 w, All 
tissues were routinely stained with hematoxylin- 
eosin, Special stains were employed where needed, 


FINDINGS 


Treated Birds.—The bone marrow from 
the proximal end of the tibia of 3 treated 
birds was markedly hypoplastie (fig. 1). 


Small groups of erythrocytes were present 


Fig. 1—Section of bone marrow, proximal third of 
tibia, from 7-week-old chicken treated with sulfa- 
quinoxaline. Notice the complete absence of cells 
except for occasional degenerating lymphocyte 
shown as gray sphere with clear center (1) and 
erythrocytes (2) in some of the sinusoids. Indi- 
vidual reticuloendothial cells are scattered through- 
out the reticulum. Fat stain revealed only small 
amounts of fat. Hematoxylin and eosin. x 200. 


Fig. 2—Focal myocarditis with necrosis in chicken 

treated with sulfaquinoxaline showing infiltration 

of macrophages and lymphocytes. Hematoxylin and 
eosin. x 320. 


in some sinusoids. Small lymphoeytie foei 
could be found in which some of the cells 
were undergoing degeneration as indicated 
by karyorrhexis and pyknosis of nuclei. 
Where small groups of immature granulo 
cytes remained, they were lightly stained 
and showed evidence of degeneration. Fo 
cal necrosis and karyorrhexis were present 
in the marrow of 1 bird. In some areas, 
the marrow had the appearance of adipose 
tissue but fat stains revealed a degree of 
fatty infiltration comparable to the mar- 
row from the control birds. 

Neither total nor differential leukocyte 
counts were obtained in treated birds 
Therefore, the probable presence of agran- 
ulocytosis can not be established except by 
inference from the bone marrow hypo 
plasia. 

Petechial hemorrhages were present in 
the myocardium and skeletal muscle of 3 
birds and focal myocarditis with necrosis 
was present in 1 bird (fig. 2). Musele fi 
bers had been destroyed or only remnants 
remained, Large macrophages and lym 
phocytes had invaded the lesion and infil- 
trated the spaces between adjacent fibers. 
In another area, muscle fibers had under- 
gone hyalinizaiion and, on cross section, 
appeared dense, eosinophilic, and homog- 
enous. 

Three livers showed degeneration and 
necrosis (fig. 3). Necrosis was more ad- 
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Fig. 3—Section of the liver of a chicken treated 
with sulfaquinoxaline showing centrolobular necro- 
sis. The hepatic cells are represented only by 
distorted cytoplasmic fragments with pyknotic 
nuclei in some. Hematoxylin and eosin. x 440. 


vanced around the central veins where 
some cells were completely destroyed or 
only distorted fragments of cytoplasm re- 
mained. Sinusoids were disrupted and 
large open areas were present in the tissue. 
Albuminous degeneration and focal necro- 
sis could be seen toward the periphery of 
the lobules. Karyorrhexis was present and 
many hepatic cells contained vacuoles. 
Papillary hyperplasia of bile duct epithe- 
lium was prominent in two livers (fig. 4). 

One spleen contained many areas of fo- 
cal necrosis (fig. 5) which were character- 
ized by granular, basophilic, acellular ma- 
terial. In some foci, large clear vacuoles 
could be seen suggesting liquefaction nec- 
rosis. Some of these foei were surrounded 
by zones of eosinophilic, hyalinized, con- 
nective tissue while others were bordered 
by splenie pulp. 

Kidneys from 2 chickens showed moder- 
ate to severe changes in both the cortex 
and the medulla. These changes included 
albuminous degeneration of renal epithe- 
lium progressing to necrosis and complete 
loss of cells in some tubules. Casts had 
formed in some tubules and a few tubules 
had broken walls. Diffuse hemorrhage was 
present in the hilus of the kidney of 1 bird. 
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Lesions in the brain stems of 3 birds in- 
cluded neuronal degeneration in 2 and 
focal gliosis, neuronophagia, and petechial 
hemorrhages in 1 each. 

The bronchial submucosa and interlobu- 
lar tissue of one lung contained large clear 
spaces with noticeable separation of the 
fibrous and cellular elements indicating 
edema. Lymphocytes had infiltrated the 
edematous tissues. In one lung, thrombosis 
of a small blood vessel had occurred. 

In the proventriculus and duodenum of 
2 birds, part of the mucosa had been re- 
placed by fibrous tissue probably as a re- 
sult of an earlier acute, necrotizing enteri- 
tis. Hemorrhages were present in the 
lamina propria of the duodenum and _ pro- 
ventriculus of the other 2 chickens. 

Control Birds.—The bone marrow (fig. 
6) was packed with cells which included 
erythrocytes, granulocytes, and some lym- 
phocytes; fat revealed normal 
amounts of fat. 


stains 


DISCUSSION 


The control birds remained clinically 
healthy throughout the experiment. When 
they were destroyed, the blood appeared 
normal in color and consistency and the 
small hemorrhages were so infrequent as to 
be of no significance. The dark red bone 


a 


Fig. 4—Section of bile duct 


epithelium of a 
chicken treated with sulfaquinoxaline showing 
papillary hyperplasia. The edge of the lumen of 
the central vein is at the upper left. Hematoxylin 
and eosin. x 300. 
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HeMORRHAGIC 
marrow of untreated birds was packed 
with erythrocytes and mature and imma- 
ture granulocytes; degenerative changes 
were absent in other tissues. 

In contrast to the controls, 
which showed clinical signs of 
pale combs and were depressed. 
revealed many large and small hemor 
rhages in the musculature and viscera. The 
blood was thin and pale. Bone marrow was 
yellow and, microscopically, it was com 
pletely devoid of cells, in some birds, ex 
cept for small groups of erythrocytes and 
scattered reticuloendothelial cells, while 
marrow from other sick birds contained 
small groups of cells. Other significant le 
sions included degenerative changes in 
many tissues and necrosis of the liver, 
spleen, and heart. 

The lesions in the experimentally pro- 
duced hemorrhagic syndrome closely par- 
alleled those observed in naturally occur 
ring field They are also in accord 
with those described by other workers who 
have reported changes following the use of 
sulfonamides in chickens and in other ani- 
mals. Also, there is a similarity between 
the lesions in the treated birds and those 


treated birds 
illness had 
Necropsy 


CASES. 


SYNDROME 


IN CHICKENS 


Fig. 6—Section of normal bone marrow, proximal 
third of tibia, from a 7-week-old untreated control 
chicken. The erythrocytes and granulocytes almost 
completely fill the spaces. Fat stain revealed only 
emall areas of fat, which are considered normal. 
Hematoxylin and eosin. x 200. 


Fig. 5—Section of the spleen of a pov my treated with sdlespionadiion showing focal necrosis. 
Notice the central, granular, acellular mass with open spaces suggesting liquefaction necrosis. 
Hematoxylin and eosin. x 1,000. 
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of drug allergy following sulfonamide 
therapy as described in man. These obser- 
vations strongly suggest that where certain 
drugs, especially sulfonamides, have been 
used, hemorrhagic disease in chickens is a 
manifestation of drug allergy. 

Not all birds in a treated group were 
affected by the drug. This is in accord 
with reports from field cases of hemor- 
rhagie disease. Furthermore, not all hu- 
man patients treated with sulfa drugs 
develop a reaction. Many writers have 
attributed the reaction in the human pa- 
tient to a drug allergy and a large number 
of drugs are known which will cause acute 
reactions in man. Since a wide variety of 
drugs are currently being used in the 
treatment of poultry diseases, some of 
these could conceivably produce similar re- 
actions in chickens. It is recognized that 
powerful toxins can also produce a hemor- 
rhagic syndrome. 


SuMMARY 


Following the addition of 0.1 per cent 
sulfaquinoxaline to standard chick feed, 
fortified with vitamin K and alfalfa leaf 
meal, experimental birds developed hemor- 
rhages, focal necrosis, leukocytiec infiltra- 
tion, thrombosis, bone marrow hypoplasia, 
and anemia. Grossly visible hemorrhages 
were also present in birds which received 
0.05 per cent and 0.15 per cent sulfaqui- 
noxaline in the feed. The control birds re- 
mained clinically healthy and were essen- 
tially negative for lesions. A similarity of 
lesions was observed in the birds treated 
with sulfaquinoxaline in naturally occur- 
ring field cases of hemorrhagic disease in 
chickens and in drug allergies in man. It 
is suggested that many cases of hemor- 
rhagie disease in chickens are due to drug 
allergy. 
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Aplastic Anemia in Chickens Fed Trichloroethylene-Extracted 
Soybean Oi! Meal and Failure of this Dietary Meal 
to Suppress the Development of 
Experimental Lymphomatosis 


PRITCHARD, D.V.M., Ph.D.; O. S. DAVIS, Ph.D.; 
B. TAYLOR, Ph.D.; L. P. DOYLE, D.V.M., Ph.D. 


Lafayette, Indiana 


NUMEROUS INSTANCES of mortality from 
aplastic anemia among cattle have resulted 
from consumption of trichloroethylene-ex 
tracted soybean oil meal (TCESOM 
also have occurred in sheep fed this meal." 
Although 
other species are known to have occurred, 
the disease has been induced experimen 
tally in horses,* dogs,” and guinea pigs,” as 
well as in sheep" '’ and cattle.’ A number 
of other mammals, e.g., the pig,’ rat,” 
mouse,” hamster,” and rabbit” are rela 
tively resistant. No reports that poultry 
have been poisoned under field conditions 
are available. Eveleth and Goldsby,*? how 
ever, fed chickens diets containing 22 per 
cent TCESOM for 50 days and produced a 
higher death loss, poorer rate of growth, 
and decreased resistance to disease as com 
pared to controls fed hexane-extracted soy- 
bean oil meal (Hexsom). Hemorrhages 
were found in the muscles and intestines 
of some of the Tcesom-fed chickens and the 
TCESOM group had a somewhat higher per 
centage of circulating lymphocytes than 
did the controls. Till ef al” fed chickens 
diets containing 35 per cent, turkeys, 47.5 
per cent, and geese, 37 per cent of TCESOM 
known to be toxie to cattle with no appar- 
ent ill-effect. In these studies, the chickens 
were fed throughout the period of growth 
and one season of egg production. 

The present study was conducted to de- 
termine whether or not aplastic anemia 
could be induced in chickens fed semisyn- 
thetic diets containing a high percentage 
of TCESOM, Since TCESOM has such a pro- 
found inhibitory effect on hematopoiesis, 
the experiment was designed to determine, 
also, whether a diet high in this meal 
would have a suppressive effect on the de- 
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velopment of an experimentally induced 
lymphomatous process 


MATERIALS AND MetTHODS 


A total of 180 healthy, 10-day-old Rhode Island 
Red 
three groups of equal size and fed 


random into 


(table 1) the 


male chicks were separated at 


TABLE i—Experimental Diets Fed to Chickens 


HEXSOM TORSOM Regular 


* \ normal 
TCESOM 

Salt and minerals * 

Corn oil and vitamins 20 

A, D, and F* 

B vitamins 141 
('risco 70 70 
No. of chickens 60 60 ou 


complete corn 
HEXBOM diet 
long 
the Depart 
ment of Vet 


erimary Science 


' Hexane-extracted soybean oil meal obtained on the 


open market 


* Trichloroethylene extracted soybean oil meal Thi 


specimen induced marked aplastic anemia when fed te 


calves 


* Pritchard et al.” 


experimental diets containing (1) 72.9 per cent 
to be toxie to eattle, (2) 72.9 per 


market, 
(3) a complete corn-nexsom diet which had long 


TCESOM known 


cent HEXSOM obtained on the open and 


been used as the standard poultry ration by the 
Department of Veterinary Seience 

At 35 days of age, one half of the chickens of 

group 

the pectoral region with 2 ml. of a 1:10 
strain 12, Re 
Mich 
ehiek 


times in 


each were ino¢ulated intramuseularly in 
suspen 
sion of «a lymphomatous tumor 
gional Poultry 
(R.P.L.-12 


The agent had been passed serially ten 


Laboratory, East Lansing, 


obtained from a moribund 


chickens in our laboratory. A large dose of fully 
virulent agent was used in young ehickens in this 
instance to insure the rapid development of tu 
fatal 

to obtain a 


mors and a rapidly COUTSE, 
In an effort 


ing effect, 20 of the uninoculated chickens from 


more slowly progress 
each group were inoculated when 88 days old with 
I ml. of a 1:10 saline suspension of a lymphoma 
tumor (R.P.L.-12) serial 
passage after the agent had been stored at Or 
Since none of the chickens in any 


tous from the second 


for 25 months, 
of the groups developed tumors or died as a re 
were 


sult of the latter inoculation, they reinoeu 


lated with a fully virulent agent when they were 


‘ 
W. R. 
a 
|] 
i 
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TABLE 2—Characteristic Hemograms from Chickens Fed Trichloroethylene-Extracted Soy- 
bean Oil Meal (TCESOM) for 120 and 280 Days and Hexane-Extracted Soybean Oil Meal 
(HEXSOM) for 280 Days 


TCESOM 
diet 120 
Days fed 


Chicken 


Hematocrit (%) 
Hemoglobin Gm./100 ml 
Erythrocytes x 10°/mm? 
Erythrocyte sedimentation 
rate mm. in | hour 
Viatelets x 10*/mm 
Leukocytes x 10° 
Heterophils (%) 


min 


Lymphocytes (% ) 
Monocytes (% ) 
Basophils (07) 

A plastic 


not 


which did 
total of 


of the chickens 
the diets for a 


All 


retained on 


106 days old, 
die 
days, 

Clinieal examinations were made daily 


were 
a nd nee 


ropsies were done on all of the birds which died 
Histopathological examinations were condueted on 
of the chickens from all groups. Hemato 

examinations, ineluding hematoerit 
hemoglobin determinations, platelet, 
and total and differential 
erythrocyte sedimentation rates, were made peri 


using 


some 
logical and 
erythroeyte, 
leukoeyte counts, and 
odieally standard methods.’ 

The diets were palatable and all groups 
made excellent weight gains except as spe- 
cifically indicated. Inoculation at 35 days 


HEXSOM 
280 


Te 
250 


resulted in the development of lymphoma- 
tous tumors and death in 93, 96, and 93 
per cent of those fed the TCESOM, HEXSOM, 
and regular diets after a rapid course that 
averaged 7.3, 7.4, and 8.2 days, respee- 
tively. None of the uninoculated controls 
developed disease. 

The second inoculation was made in 
older chickens (88 days) with an agent 
that had not attained full virulence fol- 
lowing storage and did not produce death 
or tumors. When the chickens were rein- 
oculated with 2 ml. of a fully virulent 


agent, however, 53, 50, and 55 per cent of 


those fed TCESOM, HEXSOM, and regular 
diets developed characteristic signs and le- 


Fig. 1—Note the marked 
repression of secondary 
sexual characteristics of 
the male fed _ trichloro- 
ethylene-extracted soy- 
bean oil meal on the left 
as compared to the con- 
trol fed hexane-extracted 
soybean oil meal on the 
right. 
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APLASTIC 
sions of lymphomatosis and died after an 
average course of 16.6, 10.3, and 13.7 days, 
respectively. The length of the clinical 
course was therefore about twice as long 
as that following inoculation at 35 days of 
age. The uninoculated controls remained 
free of this disease. 

The survivors from the inoculated 
groups and the uninoculated controls were 
continued on the experimental diets for a 
total of 280 days. 

Beginning about the tenth week, most of 
the chickens fed Tcesom in both the inocu- 
lated and uninoculated groups developed 
characteristic signs and blood changes of 
aplastic anemia; 46 per cent died and 
showed characteristic lesions. Some of the 
severely anemic chickens developed lym- 
phomatosis following the last inoculation 
and actually died from that disease rather 
than from aplastic anemia. 

The most prominent clinical signs were 
weakness, unthriftiness, poor growth rates, 
pale combs and wattles, anemie and icteric 
mucous membranes, and diarrhea. The 
feces frequently contained blood. Marked 


depression of secondary sexual character- 
isties was apparent in all of the chickens 


fed TcEsom (fig. 1). These chickens devel 
oped blood changes characteristic of aplas- 
tic anemia. Beginning when around 18 
weeks old, remission of blood changes oc- 
curred in the nonfatal Character- 
istic hemograms for chickens with aplastic 
anemia, and the same chickens after re 
mission, are indicated (table 2). 
revealed hemorrhages through- 
out the careass. They were  petechiae, 


Fig. 2—Characteristic 

hemorrhages in a fatal 

case of aplastic anemia 

in a chicken fed trichloro- 

ethylene-extracted soy- 
bean oil meal. 


ANEMIA IN CHICKENS FED TCESOM 


Fig. 3—Longitudinal sections of (left to right) 

the lumbar vertebra, humerus, femur, and tibia 

showing complete aplasia in a chicken fed trichloro- 

ethylene-extracted soybean oil meal, on the top (1). 

Those on the bottom (2) are from a control fed 
hexane-extracted soybean oil meal. 
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0-65 ger. 


Fig. 4—Characteristic atrophic testicle (left) from 

chicken fed trichloroethylene-extracted soybean oil 

meal and normal testicle (right) from a hexane- 

extracted soybean oil meal-fed control, both killed 
at 280 days. 


ecchymoses, or suffusions of blood and 
were most prominent on leg and pectoral 
muscles (fig. 2) and on the serosal and mu- 
cosal surfaces. Large accumulations of 
blood were found in the subeutaneous and 
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intramuscular tissues of some. In the most 
anemic birds, straw-colored peritoneal, 
pericardial, and pleural effusions were 
present. Paleness of the bone marrow was 
the most striking finding. In some in- 
stances, the entire bone marrow cavity was 
filled with fat and connective tissue and 
no gross or histological evidence of hemato- 
poietic tissue could be found (fig. 3). Mil- 
iary necrotic foci were present in tine livers 
of a few birds. Gross and microscopic evi- 
dence of atrophy of the testicles was uni- 
formly found. 

Beginning at 18 to 20 weeks, the chick- 
that did not develop fatal aplastic 
anemia began to show signs of clinical im- 
provement. They were essentially normal 
within six weeks, although they continued 
to consume the same ration of TCESOM dur- 
ing the entire 280-day experimental pe 
riod. The only abnormal clinical finding 
was continued marked depression of all 
secondary sexual characteristics. Necropsy 
at the end of the study revealed atrophie 
testicles in the TCESOM group (fig. 4). In- 
dividual testes from this group weighed 
0.65 to 1.75 while from the 
HEXSOM group weighed 7.5 to 17.2 Gm. 

This latter group did not show any sig- 
nificant histopathological changes the 


els 


Gim., those 


Fig. 5—Section of testicle, from a chicken in hexane-extracted soybean oil meal group, showing 
essentially normal seminiferous tubules. x 150. 


| 
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Fig. 6—Section of testicle, from a chicken in trichloroethylene-extracted soybean oil meal 
group, showing atrophy of seminiferous tubules and degeneration of germinal elements. x 150. 


Fig. 7—Section of testicle, from a chicken in trichloroethylene-extracted soybean oil meal 
group, showing metaplasia of germinal elements in some tubules. x 150. 
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testes (fig. 5). Microscopically, the TCEsom 
group showed blastophthoria and metapla- 
sia as indicated by degenerative changes 
and aberration of the cells within the 
seminiferous tubules. The tubules were 
smaller than normal and many were mis- 
shapen. There was relatively more stroma 
than normal; and there was apparently an 
increase of interstitial cells. The intersti- 
tial cells showed suggestions of damage in 
some areas—they appeared shrunken and 
had pyknotie nuclei. 

The cells within the tubules showed 
marked changes in most cases, In some 
sections, there were areas with some stages 
of spermatogenetic development, with few 
normal spermatozoa being formed. The 
spermatogonial layer was usually present 
but it showed marked aberration. In many 
tubules, an aberrant layer next to the 
basement membrane was all that was pres- 
ent (fig. 6). In some tubules, there was 
complete loss of cells down to the base- 
ment membrane and the cells of the mem- 
brane showed beginning proliferation. The 
degree of aberration varied from a fringe- 
like zone along the luminal border to meta- 
plasia, in which the cells were cuboidal or 


columnar in type (fig. 7). 


DIscussiON 

The consumption of a semisynthetic diet 
containing 72.9 per cent TCESOM known to 
be capable of causing a marked inhibitory 
effect on hematopoiesis in cattle did not 
affect the development of experimental 
lymphomatosis in chickens inoculated at 
35 and 106 days of age. This lack of effect 
was evident even though hematopoiesis 
was clearly depressed by the TCESOM at the 
time (106 days of age) they were inocu- 
lated, as indicated by the fact that many 
birds had blood changes characteristic of 
aplastic anemia, These results suggest that 
either the agent in TCEsom that depresses 
hematopoiesis is incapable of inhibiting the 
lymphomatous process or that it was pres- 
ent in the diet in too small a concentration 
to materially affect the rapidly progress- 
ing process induced by the experimental 
methods employed. 

This study confirms the observations of 
Eveleth and Goldsby * that TCEsoM is toxic 
to chickens and is in aceord with the ob- 
servations of Hill ef al.° that chickens are 
more resistant than cattle to the toxie ef.- 
fects of rcrsom. The only sign of toxicity 
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observed in chickens in this experiment 
was the production of aplastic anemia. The 
experimentally induced aplastic anemia 
was indistinguishable from field cases 
of so-called ‘‘hemorrhagiec syndrome’’ in 
chickens as reported by Gray et al.’ and 
also observed in our laboratory." It is 
clear, however, that since TCESOM is no 
longer commercially available the pres- 
ently occurring field cases of hemorrhagic 
syndrome can not be due to consumption 
of TCESOM. 

The remission of signs and _ blood 
changes that occurred at 18 weeks could 
not be explained although similar remis- 
sion has been observed in field cases of 
aplastic anemia. The marked testicular 
atrophy and repression of secondary male 
sexual characteristics was a constant find- 
ing. These changes were similar to those 
described by Wagener and Kriiger'* in ex- 
perimentally induced hyperkeratosis in 
young male chickens. This suggests the 
possibility that the causative factors in 
hemorrhagic syndrome and hyperkeratosis 
may be similar. 


SUMMARY 


The consumption of a diet containing 
72.9 per cent trichloroethylene-extracted 
soybean oil meal (TCESOM) had no notice- 
able effect on the development of experi- 
mental lymphomatosis in chickens. Chick- 
ens fed this diet, however, developed aplas- 
tic anemia with clinical signs and hemato 
logical and pathological changes that were 
indistinguishable from those seen in field 
cases of aplastic anemia or so-called ‘‘hem- 
orrhagic syndrome.’’ In addition to the 
pathological changes associated with hem- 
orrhagic diathesis, these chickens devel- 
oped atrophy of the testes and marked 
depression of secondary male sexual 
characteristics. 
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A New Serological Technique—Freeze Agglutination 
1. Application to Chronic Respiratory Disease of Chickens 


C. H. DOMERMUTH, M.S., and E. P. JOHNSON, Ph.D., D.V.M. 


Blacksburg, Virginia 


One of the more important problems con- 
fronting research workers in the field 
of so-cailed chronie respiratory disease 
(CRD) of chickens is that of developing 
methods of detecting antibodies produced 
in response to the pleuropneumonia-like 
organism (PPLO) associated with this dis- 
ease. During the course of our investiga- 
tion of this disease, a new serological tech- 
nique, freeze agglutination (FA), was 
developed. The purpose of this paper is to 
describe and evaluate this technique. 
Jacobs et al.’ reported that of the sero- 
logical tests described for the diagnosis 
of CRD the hemagglutination-inhibition 
(HI) test appeared to be the most sensi- 
tive and that the HI and the macroscopic 
tube-agglutination tests are best suited for 
thorough evaluation of the degree of in- 
fection. Since the HI and tube tests have 
been used most extensively, we have chosen 
these two as comparative tests to be run in 
conjunction with the FA test 


MATERIALS AND METHODS 


The HI and the macroseopie tube-agglutination 
tests were conducted aceording to the method de 
scribed by Jacobs ef al.’ Prior to use, the serums 
used in the HI and in the FA tests heated 
for 45 minutes at 56C. The serums used in the 
macroscopic tube-agglutination test 
activated by heat. 

The antigen, the Van Roekel PPLO strain, used 
in the FA test was propagated in Difeo PPLO 
medium without erystal-violet. One in 2,000 parts 
thallium acetate, 1,000 units penicillin per milli 
liter, and | per cent Difeo PPLO serum fraction 
were added to the medium, After seven to eight 
days, the PPLO reached maximum growth, The 
culture was then centrifuged from the medium at 
13,000 times gravity and resuspended in HI buf 
fer* to of 35 (HA 
activity of 

The FA 
from 


were 


were not in 


obtain an optical density 
1/64), 
test 


4.1-mm., 


run in tubes 


OD, 


wis disposable 


made glass tubing cut into 


From the Section of Animal Pathology, Virginia Agri 
cultural Experiment Station, Blackshbure 
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of A. P. Tichelaar, MT ASCP 
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from the Animal and Parasite Disease Research 
ARS, U.S.D.A., for cooperative work on air sac 


of poultry 


received 
Branch, 


funds 


disease 


end, The 


a distance 


lengths and sealed at one 


sealed ends of the tubes 
of 0.5 em. into a rack which held the tubes snugly 


55.0-mm. 
were inserted 
in a horizontal 

The teehnique of the test is as follows: Serum 
is delivered into the tubes to a depth of 1.0 to 2.0 


position, 


em, from a Pasteur pipette allowing an air space 
of 1.0 em. to of the tube. 
The serum is frozen in the tubes in a subzero unit 


remain at the bottom 
or a COs ice box, The rapid freezing prevents the 
added falling out of 
After freezing, the tubes are removed 


subsequently antigen from 
Suspension, 
from the freezer and an equal amount of antigen 
is delivered into the tubes adjacent to the serum, 
The 
for five 
antigen layers above the thawed serum. The liquid 
flow from the their 
diameter, and 
frozen in a position and 

37 C. until thawed. The tubes 
rotated to the 
upright 


incubated in a horizontal position 


37 C., during which time the 


tubes are 
minutes at 
tubes because of 
The 
horizontal 


does not 


small inside layered serum 


antigen are 
then reineubated at 


are subsequently slowly vertical, 


slowly inverted, rotated to an position 
again, and read, 

All birds used in the experiment were from 3 to 
i weeks of age. All were inoculated with 
0.2 ml. of egg-propagated PPLO (W strain, ob 
tained from affected chickens Winchester, 
Va.) via the left posterior abdominal air sae. All 
fasted with 
drawal of blood samples. 

The 
of age 
taken 
through 12 
birds 


birds 
from 


birds were overnight prior to the 


first group of birds (table 1) was 3 weeks 
Samples of blood 

this group at three 
The 


weeks of 


when inoculated were 
members of 
after 
(table 2 wis 3 
Pairs of blood 
taken from members of this group two through 16 
days after inoculation. The third group of birds 
(table 3) weeks of 
Blood samples were taken from 13 of these birds 
after 
ugain at 


from 
second 

age 
were 


days inoculation, 
group of 3 
inoculated. 


when samples 


was 5 age when inoculated. 


inoculation 


14 days 


and again at 14 days 
from 9 


inoculation, 


at five 


and birds at nine and 


after 
ResuitTs 


In this experiment, tube-agglutination 

* The stock solution consists of sodium chloride, 170.0 
im potassium dihydrogen phosphate, 13.6 Gm.; sodium 
distilled water to make 1,000 
stock solution diluted to 
gives a buffered saline 
molarity of 0.005 
Mosby and Co., St 


hydroxide, 3.0 Gm and 
Fifty 


1,000 


centimeters of 
distilled 


to 7.2 and a 


cubic 
with water 
having a pil of 7.1 
(Kagle, H 


10438) 


Diagnosis of Syphilis 
Louis 


Supplied by Wheaton Glass Millwille, J 
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TABLE 1—Comparative Results of Serologica) 
Tests for PPLO Antibodies 


No. of days 


Band post Tube 
No inoculation FA* Hil test? 
1 

2 4 

4d 

4 4 - 

8 

6 

7 5 

7 

7 

10 7 

11 16 

12 16 
13 16 

9 16 1:10 
15 u $2 1:10 
16 ’ $2 1:40 
17 10 1:10 
1” 10 $2 1:10 
+ +44 64 
20 11 1:20 
21 12 32 1:20 
22 12 t2 1:20 
At 3 weeks of age, all birds were inoculated with 0.2 


mi. of egg propagated PPLO via the left posterior ab 
dominal air sac 

* Degree of serum reactivity based on size of clumped 
material (fig. 1) 

+ Beta procedure, based on serum dilution 

t Dilution of serum required to produce complete ag 
giutination of antigen 


titers of 1:5 and greater, and HI titers of 
1:16 and greater, are regarded as indica- 
tive of the presence of PPLO antibodies. 

When reading the results of the F-A 
test, serums producing no clumped mate- 
rial are regarded as negative. For quali 
tative estimates of titer, serums producing 
clumps are regarded as positive for PPLO. 
For rough quantitative estimates of anti- 


Fig. 1-— Freeze-agglutination 
reactions. 


Left to right: 
Tube containing clumped ma- 
terial averaging 2.0 mm. in di- 
ameter is regarded as 44; 1.0 
mm., 3+; 0.5 mm., 2+; and 
smaller, 1+-. 
Tube containing no clumped ma- 
terial is negative. 
The clarity of the fluid mixture 
in which the clumped material 
is suspended is directly propor- 
tional to the size of the clumps. 
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body titer, serums producing clumped ma- 
terial averaging 2.0 mm. in diameter are 
regarded as 4+; 1.0 mm., 3+; 0.5 mm., 
2+; and smaller clumps as 1+ (fig. 1) 
Serums from normal birds; birds inocu 
lated with PPL© for fewer than five days ; 
birds affected with Neweastle disease, leu 
kosis, pullorum disease, paratyphoid, in- 
fectious bronchitis; or from birds infected 
with Escherichia coli react negatively to 
the test. Serums from birds infected with 
PPLO react positively to the test, 

The comparative results obtained from 
testing the serums of 74 PPLO-inoculated 
birds are shown (tables 1, 2, and 3). These 
results, in conjunction with comparative 
observations made while setting up the 
three tests, indicate that the HE and the 
macroscopic tube tests for PPLO require 
the use of more time and glassware than 
does the FA. The FA test is) sensitive 
encigh but not overly sensitive and ap 
parently permits an estimation of anti 
body titer 

DISCUSSION 


Serums frozen while conducting FA 
tests appear to separate into many clear 
and into many amber-colored fractious 
When the serums are subsequently thawed, 
the amber fractions thaw before the clear 
fractions. This difference in melting points 
indicates that the amber fractions contain 
more salts and (or) proteinaceous material 
than do the clear fractions. Since gamma 
globulin is) proteinaceous in nature, it 
seems possible that the amber fractions 
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TABLE 2—Comparative Results of Serological 
Tests for PPLO Antibodies 


Hand Days post 


No. inoculation FA* 


= 


64 
64 


all birds were inoculated with 0.2 
PPLO via the left posterior ab 


At 3 weeks of age, 
ml. of propagated 
dominal air sae 

' Degree of serum reactivity based on size of clumped 
material (fig. 1) 

| Beta procedure, 


based on serum dilution 

contain the gamma globulin fraction of 
serum. Similarly, it also seems possible 
that freezing could concentrate the PPLO 
antigen. Thus, it appears plausible that the 
KA test could be. described as a method of 
concentrating antigen and its specific anti- 
body to facilitate their union. Additional 
work which we have done has shown that 
the test will also detect antibodies pro- 
duced in field cases of CRD of chickens 
and infectious sinusitis of turkeys, and 
that the test is applicable to other antigen- 
antibody systems. 


SUMMARY 


A new serological technique, freeze ag- 
vlutination (FA), has been developed to 
deteet birds infected with pleuropneumo- 
nia-like organisms (PPLO). The test is 
conducted as follows: Serum is delivered 
into capillary tubes and frozen. A PPLO 
antigen, grown in a modified Difeo PPLO 
medium and concentrated, is subsequently 


FREEZE-AGGLUTINATION TECHNIQUE 
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TABLE 3— Comparative Results of Serological 
Tests for PPLO Antibodies 


Band Band 
No FA* HI No 
5 days after infection 14 daya after infection 

16 5 4+ 64 

54 


FA* HI? 


44 
4+ 
56 4 
57 ‘ 
59 
60 4 
61 4 
62 i 
64 
64 4 
65 


0 days after infection 14 days after infection 
66 44 64 
7 64 

64 

64 


- 


te 


5 16 
4+ 
4 

5 


= 


32 
$2 


64 


1+ 


xx: 


all birds were inoculated with 0.2 
PPLO via the left posterior ab 


At 5 weeks of age, 
ml. of egg-propagated 
dominal air sac 

* Degree of serum reactivity based on size of clumped 
material (fig. 1) 

Heta procedure, 


based on serum dilution 

delivered into the tubes adjacent to the 
serum and the tubes are incubated hori- 
zontally for 5 minutes at 37 C. The layered 
serum and antigen are then frozen hori- 
zontally, thawed in a horizontal position 
at 37 C., rotated to the vertical, slowly in- 
verted, rotated to an upright position, and 
examined for the presence or absence of 
clumping. Serums producing no clumped 
material are regarded as negative and 
serums producing clumped material are 
regarded as positive for PPLO. 

Data obtained as a result of comparing 
the FA test with the HI and the macro- 
scopic tube-agglutination test indicate that, 
under the conditions of this investigation, 
the FA test is relatively specific, sensitive, 
and comparatively economical to run. 

Preliminary evidence indicates that suit- 
able modifications of the test will also be 
useful in other antigen-antibody complexes. 
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The Recovery of Rats Administered Diisopropyl Phosphoro- 
fluoridate as Influenced by Female Sex Hormones, 


Blood Injections, Vitamin B,2, and lodinated Casein 


R. F. BORGMAN, D.V.M., M.S.; M. D. RUMBAUGH, M.S.; G. L. CAMPBELL, B.S. 


RELATIVELY little is known concerning the 
relationship between the acetylcholine es- 
terase, found in red blood cells and nervous 
tissue, and the female sex hormones. 

Low brain cholinesterase activity has been found 
in dogs induced into estrus by follieulin.’ The brain 
cholinesterase activity, as well as the aetivity of the 
nonspecific cholinesterase in the bloed serum, liver, 
and muscle of rats, was markedly increased during 
hyperestrus induced by large amounts of estradiol.* 
The serum cholinesterase activity of mature female 
rats was higher than in mature males, or in imma 
ture or senile females.” Ovariectomy resulted in a 
fall in serum cholinesterase activity which was re 
versed by estradiol injections but not by progester 
one.” The serum cholinesterase activity was low 
during periods of low estrogen levels, such as the 
first half of pregnancy, pseudopregnancy, and laeta 
tion, while it was high during periods of high 
estrogen levels, such as estrus and the last half of 
pregnancy.” The liver cholinesterase activity of 
female rats was lowered by ovariectomy and was 
returned to normal by estradiol injections, but not 
by progesterone.”’’ 

Blood injeetions might affect cholinesterase ae 
tivities of animals poisoned with diisopropyl! phos 
phorofluoridate (DFP) and be a supportive ther 
apy sinee, beside other attributes in treating shock, 
the injected blood would be a souree of homolo 
gous cholinesterase. Some benefit has been reported 
in treating dogs in traumatic shock with large 
doses of horse serum cholinesterase.” Mendel and 
Hawkins* observed that the injection of various 
heterologous cholinesterases gave rats a short-lived 
protection from the effects of injected acetyleho 
line and also eaused pupil dilation. Protection 
from injected acetyleholine was also found in 
dogs and eats given heterologous cholinesterase.” 
In contrast, Beck” found no proteetion from in 
jected acetyleholine in rats given large doses of 
bovine erythrocyte cholinesterase and, furthermore, 
he” found no alteration or reduction in mortality 
in DFP-poisoned rats given this heterologous cho 
linesterase. Mazur and Bodansky “ found no effeets 
on the mortality or signs of poisoning when large 
doses of various heterologous cholinesterases were 
given rabbits and monkeys poisoned with DFP, 
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Since diseases affecting hematopoiesis have been 
shown to influence red cell cholinesterase activ 
ity,’ vitamin Be might affeet red cell cholines 
terase activity in rats poisoned with DFP. 

While much is known on the relationship between 
thyroid hormone and nonspecific cholinesterase, lit 
tle is known of the relationship with acetyleholin« 
esterase. In dogs rendered distinetly hyperthyroid 
by thyroid feeding, the ratio of acetylcholine to 
cholinesterase activity in the brain was inereased 
The serum cholinesterase activity of rats was re 
dueed by thyroxine administration, while it) was 
increased by thyroidectomy or thiouraeil feeding, 
but the cerebral cholinesterase aetivity was the 
same in the treated and the untreated groups of 
both sexes.” 

If female sex hormones, blood injections, vita 
influence the recov 


min By, or iodinated casein 
ery of rats poisoned with DEP, an anticholinester 
ase compound, applications might have value in 
therapy. lodinated easein was used beeause it is 
easily produced and contains an assayable amount 
of thyroxine. A correlation between red ¢ell and 
brain cholinesterase activities has been demon 
strated in rats poisoned with DFP” and, thus, 
periodic determinations of red cell cholinesterase 
activity would be expected to be an indication of 
the reeovery of brain cholinesterase aetivity. 


Meriops 


Female Wistar rats were used in an environ 
mental temperature controlled at 75 F., with the 
relative humidity at 45 per cent. A commercial 
rat diet was fed ad libitum. Blood specimens were 
obtained weekly by cardine puneture while the rats 
were lightly etherized, except that no specimens 
were obtained for one week after the administra 
tion of DFP, sinee this procedure would eause ex 
cessive losses at that time. In the first trial, red 
cell cholinesterase activity was determined by the 
method of Marehand,” while in the seeond trial 
the method of Michel ” was used, Brain specimens 
were obtained immediately after exsanguination by 
severing the aorta without anesthesia, and cholin 
esterase activity was determined by a modification 
of the constant pl method of Glick.” The fol 
lowing solutions were placed in a 10-ml. beaker 
equipped with a constant-stirring apparatus and 
maintained at 26C.; 0.2 ml. of 10 per eent entire 
brain homogenate in 0.6 M KCl, 1.0 ml. veronal 


* Iodinated casein used was a product of Cerophyl 
Laboratories, Kansas City, Mo, and is called “protamone 
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buffer (0.004 M veronal at pH 7.4), and 2.8 mi. 
06 M KCl. The resulting mixture was adjusted 
with «a Beckman pH meter to slightly above pH 
7.4 by adding either dilute NaOH or HCI solu 
tions, Then, 1.0 ml. of O.11 M aeetyleholine ehlo 


TABLE 1—Mortalities of Female Rats Adminis- 
tered Diisopropy! Phosphorofluoridate and Atropine 


(iroup Mortality 


Ovariectomized 4/10 
Ovariectomized receiving estradiol 1/10 
Ovariectomized receiving progesteron 2/9 
Intact control 
SKCOND TRIAL, 1.75 ; DEP To 5 
Blood 
Vitamin 
lodinated casein 


injection 


Control 
Hlood 
lodinated casein 
Control 4/56 


AR IN 


Injection 


DED ex 


control 


orded for 7 hours 


trial, the 


Mortalities were ree 


posure, In the second mortality 


group wae significantly greater (p other 


groups in the trial 


Numerator number died dine imber in 


group 

ride in 0.6 M KCl solution was added and the time 
When the pH reduced to 7.4. There 
after, the pH was maintained at 7.4 by the addi 
0.01 N NaOH with the 


Was expressed 


noted wus 


small amounts of 
The 
in the number of milliequivalents of hydrogen ions 


tion of 


time intervals taken, aetivity 


times 10° produced per minute by 20 mg. of wet 
tissue 

In the first trial, rats weighing 250 to $25 Gm 
10 to 11 
groups of 9 to 10 eaeh by 


and months old were separated into four 
separating litters and 
cell 


normal red 
The 
normal weekly 
samples obtained shortly before treatment, Ovari 


attempting to equalize the mean 
between groups 


from 


cholinesterase activity 


values were caleulated two 


eetomies were performed two months before trial. 
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Simultaneously, rats were injected subcutaneously 
with 2.25 mg. per kilogram of body weight of 
DFP in peanut oil and 1 mg. per rat of atropine 
sulfate in ealine. The groups were intact females; 


ovariectomized females; ovariectomized females re 


ceiving subcutaneous injections of 0.132 mg. a-es 
week; and 


subcutaneous in 


tradiol benzoate in oil three times a 


ovariectomized females receiving 


jections of 0.550 mg. of progesterone in oil three 


times a week. The hormone injections were started 
immediately after DFP exposure 
In the 


175 to 225 Gm. were separated into four groups of 


second trial, 5-month-old rats weighing 


12 in the same manner as the first trial. Exposure 
to DFP and atropine administration were the same 
as in the first trial, exceot that 1.75 mg. per kilo 
DFP 


females receiving 


given The 
10 mil. 
per rat of fresh heparinized rat blood (drawn from 
than thre 

minutes after 


gram of body weight of wis 


groups were the eontrols; 


normal rats less hours before) intra 


writoneally 30 exposure and 5 mil 


the next day; females reeeiving daily subcutane 


ous injections of 10 wg. of vitamin By from the 


time of and females receiving oral doses 


eX posure ; 
jodinated casein the day of 
next das but, thereafter, the 


is added to the feed at the 


of 4 mg. per rat of 
and the 


iodinated casein wi 


exposure 
rite 
of per cent, 

In the third trial, 168 rats of the 
trial 


turn were 


sume deserip 


tion as those used in the seeond were placed 


at random in 24 eages, which in placed 


Zroups 
heid in 


cages of 
After 


used to 


few additional 


fatalities. 


in three with a 


rats reserve to replace 


rats from each group was 
cholinesterase ae 


DEP 


groups 


euge of 


one 


determine pre-exposure brain 


rats were given and 
The 


Injections; 
latter 


tivity, the remaining 


atropine as in the second trial were 


controls; females reeeiving blood and 


females receiving iodinated casein, the two 


groups receiving the treatments deseribed in 


the second trial. Brain cholinesterase activity was 


one eage of rats per 


weekly 


group at 
after DEP 


determined on 


one day and then at intervals 


exposure, 
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NORMAL 
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NO THERAPY 
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Fig. 1—The recovery of 
body weight in female 
rats administered diiso- 
propyl phosphorofluori- 
date in the first trial. 
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RESULTS 


No plausible interpretation could be 
advanced for the variation in the mortal 
ity to DFP seen between trials (table 1 
The signs of poisoning included chromo 
daeryorrhea * for three days, museular 


Fig. 2—The recovery of red cell cholinesterase 
activity in female rats administered diisopropyl 
phosphorofluoridate in the first trial. 


fasciculation for one to two days, general 
weakness for five days, difficulty in grasp 
ing food for seven to ten days, and an in 
creased sensitivity to ether for one to two 
weeks. In the first) trial, 
receiving estradiol recovered 
these infirmities rapidly but 
failed to recover pre-exposure weight (fig 
1). This latter finding was expected since 
rats in estrus tend to lose weight. In the 
and third trials, rats receiving 
blood injections appeared to have under 
gone less shock and recovered most rapidly. 

The average normal red cell cholinester 
ase activity for 48 female rats in the see 
ond trial was 0.76 + .09 pH, and this 
value could not be differentiated statisti 
cally from 0.73 + 09 pH found for 33 
normal male rats in a preliminary study 
The recovery of red cell cholinesterase ac 
tivity was about the same in the first and 
second trials, all groups averaging 17 + 2 
per cent per week in the first trial (fig. 2) 
and 15 + 2 per cent per week in the second 
trial (fig. 3). The pattern of recovery of 
red cell cholinesterase activity of the group 
receiving blood injections in the 
trial differed from the other groups in 
that values were high one week after in 
jection of DFP but low three weeks after 


ovariectomized 
from 


also 


rats 
most 


second 


second 


* Chromodacryorrhea refers to the production of tears 
containing porphyrins and producing reddish crusts about 
the eyes 
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injection. Perhaps, at first. the injected 
erythrocytes functioned in some manner 
to increase the red cell cholinesterase ac- 
tivity but, later, may have depressed hema- 
topoiesis. The injected blood was probably 
absorbed intact from the peritoneal cavity 
since necropsy within one day of death 
failed to account for the amount of blood 
injected, and the hematocrit of the survi- 
vors was 60 to 70 per cent one week after 
injection. The hematocrit of normal col 
ony rats was usually 40 to 50 per cent 

In the third trial, the average pre-ex- 
posure brain cholinesterase activity for 21 
normal female rats, as determined by the 
constant pH method, was 12.19 1.93 
produced 
per minute by 20 mg. of wet tissue. The 
cholinesterase activity 
per eent 


meq. of hydrogen ions times 10 


recovery of braim 
for all groups averaged 17.6 
per week from one day through three weeks 
after injection of DEP, but no further re- 
was apparent from three through 
six weeks (fig. 4 The range for all 
groups, three through six after 
DEP, was 58.2 to S17 per cent of normal, 
with the group receiving iodinated casein 
tending to have values below other groups 
at three, five, and six after DEP 
injections, Rats succumbing to the poison 
were not included in the tabulations, but 
it was of interest that when the brain cho 
linesterase activity was determined a short 
time after death, the activity was at, or 
very near to, Zero, 
Data were analyzed for significance (p- 

05) with each rat serving as its own con 


rovers 


weeks 


weeks 


lodinated Casein 
Blood injection 


2 3 4 
Weers 
Fig. 3—-The recovery of red cell cholinesterase 
activity in female rats administered diisopropyl 
phosphorofluoridate in the second trial, 
Values at two weeks were not included because 
the apparatus was not working. The brackets note 
significant differences (p.< .05). The low value 
for the vitamin B,. group at four weeks may have 
been an artifact because of deaths within the 
group. 
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trol in the determinations of body weight 
and red cell cholinesterase activity. The 
unexposed rats were considered as normal 
in the determinations of brain cholinester- 
ase activity.” 


DiscussION 


The recovery of red cell cholinesterase 


Weeks 

Fig. 4—The recovery of brain cholinesterase ac- 
tivity in female rats administered diisopropyl 
phosphorofluoridate in the third trial. The brackets 
note significant differences (p< .05). 


activity did not appear to be influenced by 
the amount of DEP given, since 2.25 mg. 


per kilogram was given in the first trial 


and 1.75 mg. per kilogram was given in 
the second trial, and yet the recovery rates 
were about the same in both trials (fig. 2 
and 3). Koelle and Gilman ** also found 
that considerable time was required for the 
recovery of brain cholinesterase activity in 
rats poisoned with DEP (fig. 4). 

There was no apparent influence of ovari- 
ectomy, estradiol, progesterone, vitamin B,,, 
or iodinated casein on the recovery of red 
cell cholinesterase activity. Since Liihrs 
and Willig * observed an increase of vari- 
ous cholinesterase activities when they used 
a dose of estradiol which was larger than 
used here, a larger dose of estradiol may 
have influenced the recovery of red cholin 
esterase activity. Rats receiving blood in- 
jections showed a higher red cell cholines- 
terase activity than other groups one week 
after DFP (fig. 3), which was longer than 
found by others when they injected heter- 
ologous cholinesterases into various spe- 
cies.”'* Injected blood could serve many 
functions in this type of shock such as 
supplying homologous cholinesterase, nu- 
trients, and erythrocytes. The increased 
number of erythrocytes might be of value, 
since there is probably tissue anoxia in 
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Rats showed less 


DFP-poisoned rats. 
of DFP 


shock after the administration 
when given blood injections 

While the red cell cholinesterase activity 
was relatively high in DEFP-poisoned rats 
given blood injections at one week, there 
was no evidence of any transfer of cholin- 
esterase from the injected blood to the 
brain tissue of the recipient, since other 
DFP-poisoned rats also given blood injec 
tions did not have a brain cholinesterase 
activity that was higher than the control 
group at one day and one week (fig. 4 
Others have not found any transfer of in- 
jected heterologous cholinesterases to the 
nevvous tissue in several species,’ '* al 
though the work of Mendel and Hawkins 
would indicate action of injected 
heterologous cholinesterase upon the myo 
neural junction in rats 

The dosage of iodinated casein was suf 
ficient to cause mild thyroidal stimula 
tion,** and it appeared that this thyroidal 
stimulation retarded the recovery of brain 
cholinesterase activity (fig. 4) but did 
not influence the recovery of other body 
functions. 


some 


SUMMARY 


The recovery of red cell 
activity in female rats poisoned with diiso- 
propyl phosphorofluoridate (DFP) was not 
influenced by ovariectomy, by injections of 
estradiol or progesterone in ovariectomized 
females, by daily injections of vitamin B,.. 
or by feeding iodinated casein. Female rats 
poisoned with DEP and given blood injee- 
tions showed an irregular pattern of recov- 
ery of red cell cholinesterase activity, the 
activity being higher than the controls one 
week after DFP injections. The normal 
red cell cholinesterase activity for female 
rats was about the same as that of males. 

The recovery of brain cholinesterase ac 
tivity of DEFP-poisoned female rats was 
not influenced by blood injections, but ap- 
peared to be retarded by iodinated casein 
feeding. Complete recovery of brain cho- 
linesterase activity was indicated to require 
considerable time. 

Ovariectomized 
recovered a normal appearance more rap- 
idly than controls after DFP poisoning, 
and female rats receiving blood injections 
did not appear to have undergone as great 
a degree of shock as the others after being 
given DFP and they also recovered rapidly. 
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The Susceptibility of Weaned Mice to Escherichia Coli and 
Salmonella Typhimurium Endotoxins During, and 
Subsequent to, Cortisone Treatment 


T. MOLL, D.V.M., Ph.D. 


Pullman, Washington 


ADKENALECTOMIZED rats have an increased 
susceptibility to various toxins, such as 
streptococcic, meningococcic, and diphthe- 
ria toxins, and also to the toxic effect of 
typhoid vaccine.”:'' These toxins also seem 
to induce toxie adrenal insufficiency which 
is characterized by adrenal hemorrhage 
and necrosis, hypothermia, muscular weak- 
ness, and death.’ 

Adrenal cortex transplants or cortical 
extracts increase resistance of adrenalecto 
mized animals to the toxicity of killed Ba 
clus typhosus and Micrococcus aureus,’ 
and Il-oxysteroids and 11-dihydrocortico 
have found to have a high 
protective action against the toxic effect of 
typhoid vaecine.” Adrenal cortical ex 
tracts and cortisone also have a beneficial 
effect in intact animals against diphtheria 
toxin *** and adrenal cortical hormone ex 
tract has been reported to have delayed 
death in experimental Clostridium welchn 
infection in guinea pigs.” Cortisone has a 
remarkable action on the response to endo- 
toxins of gram-negative bacteria.’ Ma 
ture rabbits are normally vulnerable to 
such endotoxins, but a single injection of 
cortisone prior to injeetion of endotoxin 
completely eliminates the toxic effect.*° 
Ilowever, young, growing rabbits are nor- 
mally highly resistant to these same endo- 
toxins but, if they are given cortisone in- 
jections prior to endotoxin injection, they 
develop. bilateral the kidney 
and necrotizing lesions of various other or 

These lesions are similar to those of 
so-called ‘generalized Schwartzman 


which is also produced by gram 
1,1 


sterone been 


necrosis of 


ans 
the 
reaction’’ 
negative bacterial endotoxins 

The lethal effect of Brucella endotoxin 


in mice is prevented when cortisone ts 
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given shortly after the endotoxin.’® Treat- 
ment with cortisone or adrenal cortical ex- 
tract has also been shown to diminish toxic 
signs of diseases such as typhoid, brucello- 
sis, postoperative erysipelas, lymphangitis, 
and virulent ethmoid sinus infection.’ 

The following experiments are an at- 
tempt to evaluate and compare the effect 
of Escherichia coli and Salmonella typhi 
murim endotoxins during and subsequent 
to cortisone administration 


MATERIALS AND METHODS 


Weaned 


from a 


mice, 3 weeks 
Webster 


history 


ntal Animals 


td, were obtained colony of 
extended 
death 


given Purina 


jwiss white which has an 


mice 


of freedom from infection and low losses. 


The 


and 


weaned mice were lab ehow’’ 
water, ad libitum 
Escherichia coli (0-10) 
typhimurium grown on brain-heart 
agar (Difeo) for 24 37C., then 
off with physiological saline solution in sueh quan 


fresh tap 
and S 


infusion 


Endotoring, 
were 
hours at washed 
tities as to give a suspension density 
MacFarland tube No. 8. These 
sions were heated at 80C. for 
tested for 
plates incubated at 37C. for 48 


equal to a 
bacterial suspen 
one hour and then 
sterility by subeulture on blood-agar 
hours. 

both endotoxins was found to 


The heated 


The intraperitoneal average lethal dose 
for weaned mice of 
be approximately 0.5 mil. 
were stored at 4€ 


SUSpensions 


Cortisone,.— Saline cortone® ace 
tate” 


suspension of 
(cortisone acetate), in a dose of 2.5 mg. per 
(O.1 mi, of 


injected 


per day a suspension containing 
mg./mi.), intramuseularly in 


the thigh region. 


was 


Procedures._Cortisone was ad 
three 


various time 


Kerperimental 
ministered daily for and 
vithdrawn, At 


quent to the last cortisone injeetion, 20 miee were 


successive days 


then intervals subse 


randomly selected and inoculated with endotoxin 


One control group of 20 mice received no corti 


another 
(table 1 


sone but were inoculated with endotoxin; 


‘) reecived cortisone but no endotoxin 


RESULTS 


In the control groups (table 1) which 
received cortisone, a few mice became slug. 


Sharp and Dohme Division, Merck and Co, Phila 


lelphia, Pa 
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SUSCEPTIBILITY TO ENDOTOXINS OF CorRTISONE-TREATED Mict 


TABLE i—Susceptibility of Weaned Mice to Endotoxins of Escherichia Coli and Salmonella 
Typhimurium During and Subsequent to Cortisone Administration 


Control croups 


No cortisone, Cortisone 


Type endotoxin endotoxin no endotoxin 


coli (0-101) 5/20" 1/20 


NS. typhimurium 2 2/20 


* Numerator number dead; denominator 


vish and developed a ruffled coat. In the 
zero- and 12-hour groups, few animals 
other than those which died showed signs 
of illness. Almost all animals in the other 
vroups showed more or less marked signs 
of illness. 

Signs of illness, when observed, occurred 
within seven to 12 hours after inoculation 
of endotoxin. The signs were a_ ruffled 
hunched-up posture, respiratory 
distress, and diarrhea. Many animals re 
covered clinically within 12 to 24 hours 
Deaths usually occurred within 48 hours 
after injection of endotoxin 

Judging by the number of 
which died in the various groups, 
sults suggest an 
both endotoxins 
istration 


coat, a 


animals 
the re 
inereased resistance to 
during admin 
and an increased susceptibility 
subsequent to withdrawal of cortisone 

In the case of Esch. coli endotoxin, max 
imum susceptibility seemed to be estab 
lished approximately 48 hours after the 
last administration and contin 
ued at least 48 hours thereafter. The sus 
ceptibility to S. typhimurium endotoxin 
was determined only at zero and 48 hours 


cortisone 


cortisone 


DISCUSSION 


Continued cortisone 
sult) in 
Abrupt 
sults in 


pression.’* 


treatment may re 
adrenal cortical decompensation 
withdrawal of also re 
a period of relative adrenal sup 
'* The experimental design used 
was thus aimed to produce a period of rel 
ative adrenal insufficiency 
cortisone administration 
Assuming that such a 
duced, the results would 
agreement with 
ture review 


The Esch 


cortisone 


subsequent to 
status was pro 
appear to be in 
those cited in the litera 


coli endotoxin employed was 
prepared from a strain of organisms non 


pathogenic for weaned ; a strain 
which may constitute part of the normal 
intestinal flora of man and animals. 

We have demonstrated that the Esch 
colt strain used, when living, has an en 


mice 


total number of 


Time of endotoxin administration 


hours after last cortisone injection) 


animals im the not done 

for invasion during and 
administration.” 
may thus 
harmless microorganisms 


hanced capacity 
subsequent to 
Relative adrenal 
enable normally 
to produce sufficient amounts of toxin to 
cause toxic manifestations or death 

It remains to be demonstrated if similar 
results can be obtained using various stress 


cortisone 


insufficiency 


factors instead of cortisone or by introdue 
ing the endotoxins into the intestinal tract 
SUMMARY 


the 
Nalmonella 


The resistance of weaned mice to 
effects of 
during 
markedly 
abrupt withdrawal 


Escherichia coli and 
increased 
and 
subsequent to its 


endotoxins Was 


administration of cortisone 


decreased 
The practical signifi 
cance of these results in relation to disease 
production is discussed 
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A Macroscopic Tube-Agglutination Test for Leptospirosis 


J. A. HOWARTH, D.V.M., Ph.D. 


Davis, California 


THE ADVANCE of knowledge in the field of 
leptospirosis — is correlated with 
methods of serological testing. Determina- 
tion of the actual incidence of the disease 
in human and in animal populations is 
dependent upon accurate and simplified 
methods of detecting the presence of lep- 
tospiral antibodies in serums. 


closely 


Three general types of serological tests 
have been developed. The complement - 
fixation technique developed by Gaeht- 
gens,’ Randall ef al.,? and York® is a com- 
plex procedure which requires several 
carefully standardized reagents. Also, the 
complement -fixation (CF) test may not 
give adequate identification of the infeect- 
ing leptospiral species. 

The agglutination-lysis test of Schiiffner 
and Mochtar.* using living antigen and 
characterized by both agglutination and 
lvsis,* is a reliable test long used in the 
diagnosis of leptospirosis. Although highly 
sensitive, the agglutination-lysis test has 
certain disadvantages. There must be a 
constant supply of living leptospiral or- 
vanisms and all readings of the test must 
be made by microscopic examination. 

Stoenner devised a macroscopic capil- 
lary tube-agglutination test for leptospiro- 
sis, Using antigens prepared by suspending 
formalin-killed leptospiras in hypertonic, 
buffered sodium chloride solution. This 
capillary tube-agglutination test compared 
favorably in sensitivity and specificity 
with the standard microscopic agglutina- 
tion-lysis technique. 

Stoenner” and Hoag et al.’ have de- 
scribed macroscopic — plate-agglutination 
tests designed to permit easy and rapid 
classification of serums into positive and 
negative categories. 

From the School of Veterinary Medicine, University 
of California, Davis 

This study was supported in part by a grant from the 
Lederle Laboratories Division, American Cyanamid Com 
pany, Pearl River, N. ¥ 

* The lysis mentioned in this discussion denotes the 
ibsence of both agglutinated and uniformly distributed 
viable leptospiras. It is not the purpose of this paper to 
decide whether this result is due to dissolution of the 


orcanisme or due to their aggregation into the so-called 


lvsis balls.” 


As yet, there are no leptospiral aggluti- 
nating antigens available from commercial 
or ofticial laboratories for general use. It 
is the purpose of this paper to describe an 
agglutination test which is practical for 
use in laboratories not specializing in lep- 
tospiral research. This test has been used 
in the routine diagnosis of leptospirosis by 
Meyer,” DeLay et al.,” and others. 


MATERIAL AND METHODS 


Leptospiral strains which have been shown to 
be highly specifie in antigenicity and which grow 
luxuriantly in culture mediums can be 
from several laboratories. Species such as Lepto 
spira pomona, Leptospira canicola, and Le ptospira 
icterohaemorrhagiae are commonly encountered as 
the infecting organisms in leptospirosis of domes 
tic animals in the United States. 

The leptospiral strains used in this study were 
from Dr. J. W. Wolff, Institute 

Hygiene, Amsterdam. They were the 
following: L. pomona (1, Australie C), L, 
(Hond Utrecht IV), and L. 
rhagiae 20 Wijnberg (type AB). 


obtained 


received voor 
Tropische 
cani 
cola icterohaemor 
The basie culture me 
Schuffner 
to which was added 8 to JO 
rabbit After 
tion, the medium was dispensed in 70-ml. amounts 
in 125-ml. Erlenmeyer flasks whieh 
lated with 1 to 3 ml. of actively growing lepto 
spiral culture and ineubated at 320, 


Preparation of Antigen. 


consisted of the modification of 


lo 


dium 
Verwoort’s medium 
per cent of sterile 


serum. inactiva 


were 


Cultures used for antigen production were se 
lected at the height of growth, which was usually 
flask 
was checked by dark field examination for density 


after five to seven days of incubation. 
of growth, contamination, and any indications of 
agglutination. Leptospiral 
erations or ‘‘foei of multiplication’’ may be mis 
taken for agglutinated masses but, on closer ob 


spontaneous conglom 


servation, these foci of multiplication are seen to 
contain individuals which are aetively motile and 
have detailed Agglutinated 
lepsospiras gradually degenerate and their move 
ments are sluggish or absent. 


structure, masses of 


Cultures were killed and preserved by the addi 
tion of formalin in sufficient 
quantity to make a final coneentration of 0.5 per 
cent. 


chemically pure 


After being held 12 hours under refrigeration, 
the antigen was ready for use. If kept refriger 
ated in a dark place, this antigen was stable for 
at least three months.” 
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According to Stoenner,” in the agglutination 
lysia test, antigens with lower cell counts produced 
higher end point titers than antigens of high cell 
count. In the agglutination-lysis test the titer 
end point was determined by the mieroseopie ex 


Fig. 1—The grossly visible floccule occurring with 


positive serum in the macroscopic tube-agglutina- 
tion test. 


amination of the supernatant fluid for the absence 
or lysis of living leptospiral organisms. There 
fore, with high cell count antigens, more antibody 
was necessary to produce the same titer end point 
when compared with lower cell count antigens. 
With the agglutination-lysis test, standardization 
of antigen is of major importance, 

In the performance of agglutination tests with 
killed antigens, the serum titer end point was de 
termined by the presenee of visible agglutination 
while residual antigen in the supernatant fluids 
was not considered, Antigens for use with the 
macroseopie agglutination test were standardized 
with the view of obtaining sufficient ecll concen 
trations to form visible agglutination when anti 
bodies are present. Formalized antigens having 
optieal densities as low as half that of the stand 
ard antigen still produced grossly visible reactions 
at the same titer end point. . 

The Agqalutination Test.-Tenfold serum dilu 
tions in saline, from 1:10 through 1:10,000, in 
0.5m, amounts, were placed in cone point 
miecrochemical centrifuge tubes of Il-mm, diame 
ter and 76-mm. length, To each tube of diluted 
serum, 0.5 ml. of antigen was added and the tubes 
were shaken. The serum-antigen dilutions were 
incubated for 12 hours at 37.5C. and held six 
hours at room temperature. after whieh the read 
ing was made, 

positive reaetion was characterized by the 
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appearance of grossly visible, fluffy clumps, and 
the degree of agglutination was graded from a 
1+ to a 44 reaction, depending upon the amount 
of »voceule in the tube (fig. 1). A 14 reaetion 
was determined by dark field microscopic exami 
nation, while 24+ to 44 reactions were macro 
scopically visible. In the negative tests, the 1:100 
dilution was checked microscopically for evidence 
of slight agglutination or nonspecific lysis of the 
antigen. With positive serums, the end point titer 
was determined more aecurately when dilutions 
not having visible reaction were checked micro 
scopieally. Controls for the test consisted of an 
tigen added to the same dilutions of a known 
positive serum and to saline only. In interpreting 
the results of the macroscopic tube-agglutination 
test, a reaction oecurring only in the 1:10 dilu 
tion was disregarded while a reaction in the 1:100 
dilution was considered suspicious. Floeculation 
at dilutions of 1:1,000 and 1:10,000° indicates 
that the animal in question has experieneed a lep 
tospiral infection. To detect current infections, 
t'o or more serums must be tested for demonstra 
tion of an ascending titer. A practical approach 
to the diagnosis of leptospirosis would inelude 
serological results plus the clinical aspeets of lep 


tospirosis in that particular animal species.” 


ResuLts 


Evaluation of the macroscopic aggluti- 
nation test was determined by five years of 
use in which 7,313 serum samples were 
tested (table 1). The high percentage of 
positive serums (bovine, 10%; porcine, 
18%; canine, 20%) was due to the faet 
that serums were presented for test by 
practicing veterinarians only when an un- 
diagnosed disease problem was encoun- 
tered, Very few of the samples were from 
routine serological surveys. Most of the 
herds with Leptospira-positive serums also 
presented the typical clinical signs of lep- 
tospirosis, such as hemoglobinuria and 
abortion in cattle, abortion in swine, and 
nephritis in dogs (table 2). 

Additional evaluation of the agglutina- 
tion test was secured by inoculation of 


TABLE 1—Summary of Five Years of Testing 
with the Macroscopic Tube-Agglutination Test for 
Leptospirosis 


Animal Tested Poritive Positive Leptospira! 
species (No.) (No.) (%) species 


Cattle 5,619 602 10.7 pomona 
Swine "16 223 pomona 
Dow 70 canicola 
Man canicola 
Sheep 
Horse y pomona 
Deer 

(ioat 

Total 


4 
| 
d 
1:10,000 
’ 
ae 
i 
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Am 
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TABLE 2—Correlation of the Positive Agglutination Reaction with Clinical Leptospirosis 


Herd Species 


Swine 
Swine 
Cattle 
Cattle 
Cattle 
Dog 


Number of 


normal 


animals 


Phase 
of 
disease 
Chronic nephritis 
Chronic nephritis 


Acute hemoglobinuria 
Acute hemoglobinuria 
Acute hemoglobinuria 


Chronic nephritis 


animals all 


with 


from one 


known 


Leptospiral 
p 
pomona 
L. pomona 
L. pomona 
L. pomona 
L. pomona 
L.. canicola 


military 


cultures 


base 


of 


leptospiral organisms. The rate and extent 
of specific antibody formation was deter- 


mined, 


TABLE 3—Result 


As can 


be seen 


(table 3), all se 


of Agglutination Tests with 


Serums of Experimentally Inoculated Animals 


Experi 
mental 
animal titer 
Pig t 0* 
Pig 2 0 
Pig 3 0 
Pig 4 0 
Calf i 0 
Calf 2 0 
Calf 3 0 
Rabbit 1** 0 
Rabbit 2 0 

* Titer negative 


rums taken 


Preinoc 
ulation 


before 


Highest 
postinoc 


Leptospiral 
species 
pomo na 
pomona 
pom ona 


pomona 


pome na 
canicola 


pomona 


1 
1 
L pomona 1 
1 


canicola 


4 injections 


ulation 


inoculation 


titer 

10,000 22 
10.000 4 
10,000 7 
10,000 2 
100 0 


10,000 
10,000 


- 


20,000 
20.000 


of antigen 


failed 


Dave 
post 

inocu 

lation 


(died) 


to 


agglutinate the antigen, whereas after in 


oculation, 


calf that 


all 


agglutinated 
end points that ranged from 1:100 in 
died of the acute disease to 


with 


dilution 


a 


1 


20,000 in rabbits receiving multiple injee- 
tions of antigen. 

Serums were obtained from cattle known 
rhinotracheitis, 


to have 


recovered 


from 


\eglutination reaction 


No. of 
isola Organism 


1-100 


4 
15 


tions isolated 


pomona 


pomona 
pomona 
pomona 
pomona 


canicola 


also obtained from dogs convalescing from 
distemper and hepatitis. Serums that ag 
vlutinated leptospiral antigens were in 
cluded as controls. These results are stm 
marized (table 4) 

Serums contuining antibodies to agents 
causing rhinotracheitis, anaplasmosis, bru- 
cellosis, vibrionie abortion, hog cholera, 
canine distemper, and canine hepatitis 
failed to agglutinate leptospiral antigens 
It appears, therefore, that the macroscopic 
tube-agglutinat:on test for leptospirosis is 
specific. 

Cross reactions, similar to those de 
seribed by Broom,'* occurred with the 
macroscopic test. Leptospira icterohaemor 
rhagiae titers were observed with L. po 
mona infections but were much more pro 
nounced in L. canicola infections. The 
cross reactions were usually of a lower 
magnitude when compared with the true 
infecting especially during the 
convalescent stages of the illness 

Comparison with the Agglutination-Ly 
Test._-Selected cattle serums having 
various levels of antibodies 
were tested by both the macroscopic tube 
agglutination and the agglutination-lysis 


species, 


NUS 


pontond 


and from other cattle that were convalesc 
ing from anaplasmosis. Serum samples 
known to agglutinate Brucella and vibri 
onic abortion antigens also were obtained 


methods. 


In the agglutination-lysis test, a 


and tested. 


Serums from swine vaecinated 


for hog cholera were tested. 


Serums were 


suspension of living leptospiras was mixed 
with tenfold dilutions of serum, incubated 
for four hours, and then examined by dark 
field examination. 

There it correlation between 


Was close 


TABLE 4—Results of Leptospira Agglutination Tests with Serums of Animals Convalescing 
from Various Diseases 


Time ane 
Khinotracheitis 
Anaplasmosi« 
Brucellosis 
Vibrioni« 
Hog cholera 
Distemper 
Hepatitis 
Leptospirosis 
Leptospirosis 
Leptospirosis 


abortion 


infection 


Animal 
species 
Cattle 
Cattle 
Cattle 
Cattle 
Swine 
Dog 
Dog 
Dog 
Swine 
Cattle 


Tested 
(No.) 
17 
21 
4 


L. pomona L 


0 
0 
0 
0 
0 
0 
lOtol 
10 tol 


Kesults with re tive antigens 


spe 
ictero 
canicola haemorrhagiag 
0 
0 0 
0 0 
0 0 
0 
0 0 
1 10tel Otol 
10,000 0 Otol 
10,000 0 Otol 


100 
100 


1O.000 


6 12 45 L 
12 ‘ 7 2 1 2 L oe 
5 2 2 ‘ 4 1 
0 2 11 6 2 L 
41 2 4 12 2 L. 
il 
32 
82 
’ 
~ ie 
i 
: 
4 
25 
5 
4 
24 ; 
42 
oe 
= 
— x = : 
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the results of the two tests, with serums 
having high or low end point dilution val- 
ues matching closely. In about 15 per cent 
of the serums, the end point dilution value 
with the macroscopic agglutination method 
was one dilution lower than with the ag- 
glutination-lysis test. This diserepancy 
was alleviated when critical evaluation of 
the end point with the macroscopic method 
was determined with dark field examina- 
tion in conjunction with the gross reading 
of the test. 
SUMMARY 


Details have been given for the prepara- 
tion of antigens for use in the routine di- 
agnosis of leptospirosis. Leptospira po- 
mona, Leptospira canicola, and Leptospira 
icterohaemorrhagiae organisms were prop- 
agated in culture medium and formolized 
when maximum growth had been obtained. 
In performing the test, tenfold dilutions 
of the serum in saline were mixed with the 
appropriate antigens and ineubated. A 
grossly visible floceule in the bottom of 
the cone-shaped tubes denoted a positive 
reaction, 

An evaluation of the agglutination test 
was made by the routine testing of 7,313 
serums during a five-year period. Most of 
the herds with Leptospira-positive serums 
also presented the typical clinical picture 
of leptospirosis. Experimental animals in- 
oculated with Leptospira developed agglu- 
tination titers specific for the infecting 
organism, 

The test was highly specifie for lepto- 
spiral infections. Serums containing anti- 
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bodies to various bovine, porcine, and 
canine diseases failed to agglutinate lepto- 
spiral antigens. The test compared favor- 
ably with the classic agglutination-lysis 
test. 
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Rabies Street Virus in the Syrian Hamster 


REGINALD L. REAGAN, Major (Ret.), U. S. Army; FRANCES S. YANCEY, M.S.; 
SING CHEN CHANG, Ph.D.; A. L. BRUECKNER, V.M.D. 


College Park, Maryland 


SPECIFIC inclusion bodies present in the 
central nervous system of man and animals 
dying of rabies are called Negri bodies.’:* 
These are most frequently demonstrated 
within, but occasionally outside, the neu- 
rons. A definite diagnosis of rabies is made 
upon demonstration of these bodies in the 
neurons of the brain in stained smears or 
tissue sections. 

These inclusions are eosinophilic stain 
ing bodies, usually spherical but also of 
other shapes, varying from 1 to 30 yw in 
size.” The inner strueture shows baso 
philic-stained granules. The presence of 
Negri bodies is a criterion for diagnosis 
of rabies. Since the Syrian hamster is 
more susceptible than mice to rabies the 
following study was undertaken to see 


whether hamsters experimentally infeeted 
could have virus in their salivary glands 
during the incubation period and upon the 
appearance of rabid symptoms. 


MATERIALS AND METHODS 


The virus for the 
from «a dog and a fox brain sent to this laboratory 
for routine for The hippo 
campus was removed from each brain aseptically, 
ground with in mortar, and diluted 
with physiological saline to a 20 per cent suspen 
A 20 per cent suspension of the dog brain 


present study was obtained 


examination rabies. 


alundum a 


sion, 
was injected (0.03 ml.) intracerebrally into each 
of week-old These 
sters in separate glass specimen jars, 
a bottle of water daily. A 
likewise but 


180 


six 3 Syrian hamsters. ham 
were kept 
fed dog checkers and 
group of 
with the fox brain suspension and similarly 
lated. The results are given in table 1. Hamsters 
infected with the dog virus 
showed signs of furious rabies on the sixth day 
after The glands from 
hamster were removed aseptically, ground to a 20 
per cent in and 
each injected intracerebrally into 8 Swiss albino 
(0.03 ml. per The brain was re 
from each hamster and the was 


Hamsters exposed to the fox brain sus 


6 hamsters was injected 


brain SUSpPension 


exposure, salivary each 


physiological saline, 


Suspension 
mice mouse ) 
moved 
repeated. 
pension also showed rabid symptoms on the sixth 
This technique was also used for the brain 


process 


day. 
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TABLE 1—Response of 21-Day-Old Syrian Ham. 

sters to a 20 per cent Suspension of a Rabid Dog 

and 20 per cent Suspension of a Rabid Fox Brain 
Inoculated Intracerebrally 


Symptoma 
and furious 
rabies 
(day) 


Amount 
injected 
(ml.) 


Hameter Virus 


(No.) 


source 


0 Dog brain 
Dog brain 
Dog brain 
Dog brain 
Dog brain 
Dog brain 


Fox brain 
Fox brain 
Fox brain 
Fox brain 
Fox brain 
Fox brain 


and salivary glands used for inoculation, 
The results are given in table 2. 

When inoculated mice showed symptoms of nerv- 
ous system involvement, they were destroyed and 
each mouse brain was examined under an optical 
and stained with Seller's stain. The 


given in table 2. 


mouse 


microscope 
results are 


TABLE 2—Response of Swiss Albino Mice Exposed 

Intracerebrally with Suspensions of Hamster Brain 

and Salivary Glands from Hamsters Exposed to 
the Dog Brain and Fox Brain Rabies Virus 

No 


mice 


Source 
of 


virus 


Symptoma 
Negri 
bodies 


in mice 


exposed (days) 


10 
10 


Hameter brain Dog brain 


Hameter glands Dog brain 
Hamater 
Hameater 


Ilamater 


brain 
brain 
brain 
brain 
brain 
brain 


Dog 
Dog 
Dog 
Dog 


brain 
glands 
brain 
glands 
brain 
glands 
brain 
glands 
brain 
glands 


Hamater 
Hamater 
Hameater 


Dog 
Dog 
brain 
brain 
brain 
brain 


Ilamster Dog 
Hlameater 
Hamater 


Hamater 


Dog 
Dog 
Dog 


Fox 
Fox 
Fox 
Fox 
Fox 
Fox 
Fox 
Fox 
Fox 
Fox 
Fox 
Fox 


brain brain 
glands 


brain 


Hameater 
Hamater 
Hamster 
Hameater 
Hlamater 
Ilameater 
Hamster 
Hamster 
Hamater 
Hamater glands 
Hameater brain 

Hamater glands 


brain 
brain 
brain 
brain 


glands 
brain 

brain 
brain 
brain 
brain 
brain 
brain 
brain 


glands 
brain 
giands 
brain 


— 
2 0 6 
0 
1 0 6 
5 0 6 
6 0 
1 0.038 6 
= 
‘ 
| = 
7 
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SUMMARY 


Syrian hamsters exposed to the dog 
brain virus showed furious rabies on the 
sixth day after exposure. Suspensions 
from the brain and salivary glands from 
these animals were injected intracerebrally 
into Swiss albino mice. These mice showed 
rabid symptoms between six and ten days 
and all brains upon microscopic examina- 
tion contained numerous Negri bodies. 


Syrian hamsters exposed to the fox brain 


CHANG 
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BRUECKNER 


virus also showed furious rabies on the 
sixth day. The results were similar. 
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THE INFECTIOUS capacity of several repre- 
sentative species of bacteria and virus is 
greatly enhanced by cortisone treatment 
of the 

This includes microorganisms such as strepto 
cocci, pheumocoeci, microeocei, Brucella spp., ty 
phoid bacilli, spirochetes, Corynebacterium spp., 
and poliomyelitis, influenza, and Coxsackie viruses. 
The list of hosts in which this enhancing effect has 
been demonstrated inelude mice, rats, guinea pigs, 
hamsters, rabbits, dogs, monkeys, men, and 
chicken embryos.” 

Mogabgab and Thomas” have shown that corti 
sone treatment will render rabbits susceptible to 
group A hemolytie streptococci. Large intrader 
mal inoculations of streptococci resulted only in 
vigorous local inflammation in the untreated con 
trol rabbit, while cortisone-treated rabbits devel 
oped no evidence of local reaction but suecumbed 
later to a septicemia, 

Experimental latent streptocoecie infection in 
rabbits has also been reactivated by cortisone 
treatment to produce lethal septicemia.* Aceord 
ing to Thomas,” similar results have been observed 
with other types of infection. 

Adrenal insufficiency also causes an inerease in 
susceptibility to baeterial infection, which is eom 
parable to that resulting from cortisone treat 
ment. Thus, Robinson et al.” have shown that 
adrenalectomized animals were rapidly over 
whelmed when injected with pneumococci and that 
the resistance was restored by giving small doses 
of cortisone. This resistance to infections would 
again disappear when the dosage of cortisone was 
increased sufficiently. 

Kass and Finland” and Robinson et al.” have 
studied the effeets on infection of other adrenal 
corticoid substances. Seventeen-hydroxycorticoste 
rone (compound F) appeared to have the same 
effect as cortisone, and corticosterone (compound 
B) caused a very slight enhancement of pneumo 
cocecie infection, Desoxyeorticosterone eombined 
with augmented salt intake did not appear to have 
any effeet on the suseeptibility of rabbits. Al 
though cortisone has the capacity to interfere 
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The Susceptibility of Weaned Mice to Escherichia Coli During, 
and Subsequent to, Cortisone Treatment 


T. MOLL, D.V.M., Ph.D. 


Pullman, Washington 


with resistance, it seems to have very little effeet 


on acquired immunological resistance.” 

The following experiments were de 
signed to compare blood invasion by bac 
teria from the alimentary and respiratory 
tracts of normal untreated and cortisone 
treated mice. ° 


MATERIALS AND METHODS 


Experimental Animals, Weaned mice were ob 
tained from a colony of Webster Swiss white mic: 
This particular mouse colony has an extended his 
tory of freedom from infection and from death 
losses, The mice were weaned when 3 weeks old, 
after which they were given Purina laboratory 
chow and fresh tap water, ad libitum, 

Bacterial Suspensions,Escherichia (0-101) 
was used in these experiments. Suspensions of 
this organisth were prepared from 24-hour growth 
on brain-heart infusion agar (Difeo). The or 
ganisms were washed off with physiological salin 
in such quantities as to give a suspension density 
of approximately 1x10" microorganisms per milli 
liter, For exposure, approximately to 
ml. was placed either in the oral eavity or on the 
nasal openings during ether anesthesia. 

Cortisone.-A saline suspension of cortone™® aes 
tate (cortisone acetate, Merck) was used in these 
experiments, The daily dosage was 2.5 mg. (0.1 
mi. of a suspension containing 25 mg./ml.) intra 
museularly in the hip region 

Experimental Procedure. Two groups of mice, 
one of which received cortisone for three days and 
one for six days, were exposed to Each. coli within 
one hour after the seeond injection of cortisone 
A control group, which did not receive eortisone, 
was exposed to Hach, coli simultaneously with the 
two cortisone treated groups. 

Ten mice were selected by random from eneh 
group at various intervals subsequent to the first 
cortisone injection, These were then killed. Blood 
or lung tissue, or both, were eultured for the pres 
ence of bacteria and the lungs were examined for 
gross pathological alterations. 

Bacterial Evamination of Blood and Lunas 
The mice were killed with ether, The chest eavits 
of each dead or killed mouse was aseptically 
opened from the dorsal side. Approximately 0.25 
ml. of blood was withdrawn from the arteria and 
adjacent large blood vessels with a sterile, fine, 
capillary pipette and transferred to a tube eon 
taining 10 ml. of brain heart infusion broth 

Subsequently, the peripheral half of the dia 


2 
Ae 
| 795 | 
> 


T. Moun 


im. J. Ver. Res 
OoTOBER 1956 


TABLE 1— Hemocultures of Cortisone-Treated and of Control Mice Exposed Orally to 
Escherichia Coli 


Type 


examination Group of mice 


1, Control group, no cortisone 
Hemocultures 2, Cortisone, 6 through 144 br 
4, Cortisone, 0 through 44 hr 


O/10 
0/10 


Hours after first cortisone injection 


0 24 45 60 72 120 


1/10 1/10 
2/10 
2/10 4/10 1/10 


10” O/10 1/10 O10 
0/10 1/10 


0/10 


0/10 


* Numerator, number of positive blood cultures; denominator, number examined 


phragmatic lobe of one lung was removed asepti 
cally, mineed in a sterile Petri dish, and trans 
ferred to a tube containing 10 ml. of brain-heart 
infusion broth. 

The enriched 
37 C. for 24 hours, then streaked on blood plates 
and on eosin methylene blue plates which were ex 
after 24 and 48 hours of 


eulture tubes were inoeulated at 


amined incubation at 


87, 
RESULTS 

Most mice which received cortisone de- 
veloped roughened coats and appeared un- 
thrifty on the seeond or third day of 
cortisone injection; they remained in this 
condition throughout the experimental 
period. 

Oral Exposure to Escherichia Coli. 
The results of the hemocultures (table 1) 
indicate that cortisone treatment causes a 
higher incidence of bacteremia. The in- 
crease in incidence occurred during the 
fourth, fifth, and sixth day of cortisone in- 
jection and was even higher four days 
subsequent to withdrawal of cortisone. 

Coliform bacteria were recovered from 
21 of 27 positive blood cultures. 

Intranasal Exposure to Escherichia Coli 
Under Ether Anesthesia. Respiratory dis 
tress was not observed in any of the mice. 

Results of the bacteriological and patho- 
logical examinations (table 2) suggest that 
mice which received cortisone developed a 
considerably higher incidence of bactere- 
mia and less tendeney to ling consolida- 
tion than control mice subsequent to pul 
monary exposure to Esch, colt. 


The incidence of bacteremia, which was 
similar in both groups receiving cortisone, 
remained approximately constant for sev- 
eral days subsequent to exposure. Lung 
consolidations observed in mice which re- 
ceived cortisone tended to develop later 
and were far less extensive than those seen 
in animals not receiving cortisone. How- 
ever, the majority of lungs of cortisone- 
treated animals were hyperemic and 
edematous, and several showed — small 
hemorrhages. 

Bacteria were present in the lungs of a 
number of animals of all groups 
quent to Esch. coli exposure, but the inei- 
dence was lower in the control groups 
during the first two or three days after ex 
posure. The great majority of positive 
blood and lung cultures proved to be pure 
cultures of Esch 
in a few cases. 


subse- 


coli. Cocei were recovered 


DiIsCUSSION 


The strain of Esch. coli used (0-101) in 
experiments has previously been 
found to have no harmful effects on nor 
mal weaned mice when given orally in 
large doses.** Various strains of Esch. coli 
are normally established very early in life 
as part of the bacterial flora of the intesti 
nal and upper respiratory tracts.' Oral 
exposure to Esch. coli in the present exper 
iments was carried out in order to further 
insure the presence of Esch. coli at 
the time of, or subsequent to, 
injection, 


these 


cortisone 


TABLE 2—Bacteriological Examination of Blood and Lungs and Pathological Examination 
of Lungs of Cortisone-Treated and of Control Mice Exposed to Escherichia Coli by Pulmonary 
Route 


Type 


examination troup of mire 


Control group, no cortisone 
Cortisone, 0 through 144 hr 
Cortisone, 0 through 45 br 


Hemocultures 


Control group 
Cortisone, six days 
Cortisone, three days 


Lung cultures 


Control group 
Cortisone, six days 
3, Cortisone, three days 


Grose lung 
consolidation 
denominator, 


* Numerator, number positive 


Hours after first cortisone injection 
24 96 120 
10° 10 : 2/10 
10 10 a 10 
10 /10 10 
10 10 10 
10 10 /10 
10 10 5 10 
10 10 } 10 
10 10 1/10 
10 1/10 


number examined 


196 
1 
144 
= 
1, ! 1/10 
8, 0 6/10 
1, 0 8/10 
3, 5/10 
0 7/10 
0 4/10 
0 8/10 
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SUSCEPTIBILITY 


The inereased incidence of 
ing’” of sueh microorganisms as Esch coli 
during, and subsequent to, cortisone treat 
ment may well shed light the 
rather hazy concept of ‘potential patho 
genicity “opportunism These des 
ignations infer ability of disease produe 
tion under certain conditions or whenever 
opportunities are offered.'” Yet these 
tain conditions’ and various *‘opportuni 
which might pertain to the micro- 
to the to both, have 
not been sufficiently defined 

Bacterial mutation of 
from a nonpathogenic to a 


Trespass- 


some on 


eer 


ties”? 
organisms, hosts. or 
transformation 
pathogenic 
form or stage is an accepted phenomenon 
but to related with 
tional In many instances, biologi 
cal and serological differences can not be 
established between the normally inhabit 
ing forms and their pathogenic forms.’ 
Furthermore, it has often proved difficult 
impossible to fulfill Koch's postulates 
with the ** pathogenic forms.”’ 

More or less specific host factors. such “us 
infections, deficiencies, and 
extremes of temperature and age seem to 
favor the invasion and establishment of 
pathogenic microorganisms as well as 
opportunists. 

Most of these host factors have 
two characteristics in common: (1 
ing effect on the host and (2) a tendency 
to lower host resistance.'* Various systemic 
infections in man, such as malignant diph 
theria, cholera, and acute 
and 


ered to produce severe stress,':'* 


SCCTIDS also be condi 


factors 


overeXereise, 


least 


stress 


at 


St reptococeus 


Micrococcus septicemias are cousid- 


and these 
and other infections have been claimed to 
produce a condition of relative corticoid 
deficiency in the host." 

According to Selye,"! 
rise to a triphasic general adaptation syn 
drome in the host. During the first stage 
(alarm reaction), there pro- 
duction of corticoids, including cortisone, 
which is maintained at relatively high le 
els during the subsequent stage of resist 
* During the stage of exhaustion, the 
production of corticoids declines due to 
adrenal cortical failure. 

Both specific and nonspecific 
diminish during the 
and increase during the 
shock stage’ of the alarm reaction. How 
While specific inereases 
during the subsequent stage of resistance, 


all stressors give 


Increased 


ance 


is 
crossed 
‘shock 


“cotter 


resistance 


stage 


ever, resistance 


Mick To Escupricnta Con 77 


the nonspecific resistance usually declines 
during this period." 
factor decreases the host toleranee to oth 
Both specific and nonspecific resist 
ance diminishes during the stage of 
haustion.'* 

The experimental design used was aimed 
to produce: (1) relatively high, constant 
levels in group 2 corresponding 
to a stage of resistance; (2) a period of 
relative adrenal insufficiency in group 
subsequent to cortisone administration 

Assuming that these goals were attained, 
the results would appear to in 
ment with the observations deseribed above 
and with those of Robinson ef al 

The importance of a delicately balanced 
level for 
has been demonstrated by 
periments. The of 
infection may thus be considered au inter 
the host and the 
can be “triggered”? 

optimal host) conditions 
the 


i.é., one stressing 


ers, 


cortisone 


be agree 


cortisone resistance to infeetion 


Robinson's ex 
anil 


process invasion 


action between micro 


organism which by 
pathogens under 
and by opportunists 


funetion is 


When adrenal 


Unbalanced 


SUMMARY 


Inereased of the blood stream 
by bacteria from the alimentary and res 
piratory tracts in mice 
during, and subsequent to, cortisone treat 
ment. 

There “ti 
tween the incidences 
sion from the lung and the incidence of 
local inflammatory response in the ling 

The status of adrenal funetion as a de 
termining factor for 
tial pathovenic bacteria” 


Was observed 


Was inverse relationship be 


of blood stream inva 


invasion by poten 


is cliscussed 
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Comparative Titrations of Vesicular Stomatitis Virus in 
Various Animal Species and in Tissue Culture 


O. N. FELLOWES, Ph.D.; G. T. DIMOPOULLOS, Ph.D.; J. TESSLER, M.S.; 
W. R. HESS, Ph.D.; T. H. VARDAMAN, D.V.M., M. S.; J. J. CALLIS, D.V.M., M.S. 


IN PREPARATION for work with foot-and- 
mouth disease virus, certain aspects of 
vesicular stomatitis virus (VSV) were in- 
vestigated. These included a study of 
the comparative susceptibility to VSV of 
cattle, guinea pigs, Swiss albino mice, 
chickens, embryonating chicken eggs, and 
kidney tissue cultures. The literature con- 
tains limited observations and references 
on the comparative susceptibility of these 
hosts to VSV.'-° 

In comparisons of infective titers in va- 
rious hosts, sources of virus and methods 
of inoculation are essential considerations. 


MATERIALS AND METHODS 


Preparation of the Virus.—The Indiana (1) type 
of bovine VSV (strain Fort. Lupton)* used in 
these studies had been propagated through six 
serial passages in the bovine species, The New 
Jersey (NJ) type of bovine VSV (strain Con 
ean)*” had been propagated through three serial 
passages in the bovine species until the time of 
this study, when it was passed twice in embryo 
nating eggs and then returned to the bovine 
species for one passage. In the comparative ti 
trations involving 7- to 10-day-old mice and 
embryonating chicken eggs, the virus used was 
grown in the chorioallantoic membrane (¢.a.m.) 
of the embryonating chicken egg for two -to five 
passages. In the other species and in tissue cul 
ture, bovine-passaged virus was used. 

Each sample of infected, bovine tongue epi 
thelium or ¢.a.m, was ground in a mortar with 
alundum, diluted to a 10 per cent suspension 
with tryptose phosphate broth and eentrifugated 
at 2,000 r.p.m. for 20 minutes. To each milliliter 
of suspension was added 1,000 units of penicillin 
and 1 mg. of streptomycin. Subsequent tenfold 
dilutions were made in broth and used in the 
titrations, 

Inoculation of Embryonating Chicken 
Groups of 5, 7- to 8-day-old embryonating chicken 
eggs were used for each dilution. Each egg re 
ceived 0.2 ml. of inoculum into the allantoie cay 


From the U.S.D.A. Animal Disease and Parasite Re 
search Branch, Plum Island Animal Disease Laborator) 
(ireenport, L. I. N. ¥ 

Captain T. H. Vardaman, U.S.A.F., was assigned to 
Plum Island while on extended active duty. His present 
sddress is the Regional Laboratory, U.S.D.A ARS 
Auburn, Ala 

Isolated in 1949 in Concan, Texas 


Greenport, Long Island, New York 
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ity. Dilutions of virus used were 10°, 10°, 10°, 
10°, and 10°, All injeeted embryos were ineu 
bated at 35 C. and observed for ten days. Embryo 
mortality within 24 hours after inoculation was 
considered to be due to nonspecific causes, The 
lethal doses. (ldo) was ealeulated by the method 
of Reed and Muench.” 

Inoculation of Mice.--Groups of 5, 3- to 4-week 
old Swiss albino mice were each inoculated with 
0.03 ml. of the virus dilutions by the intracerebral 
route. Dilutions of virus used were 10°, 10°, 10° 
10°, and 10°, The mice were observed daily for 
14 days for nervous symptoms, paralysis, and 
death. Death of mice within 24 hours after in 
oculation was considered due to trauma, 

Additional groups of 5 suckling mice (7 to 10 
days old) were inoeulated with 0.03 and 0.05 ml. 
by the intracerebral and intraperitoneal routes, 
respectively. Dilutions of virus used were 10°, 
107, 10°, 10°, and 10°, The mice were observed 
daily for 14 days. The Ldoo was ealeulated for 
both ages of mice by the method of Reed and 
Muench.” 

Inoculation of Guinea Piga. Groups of 5 
guinea pigs, weighing approximately 500 to 600 
Gm, each, were inoculated by the intradermal 
tunnelling method in the metatarsal pads with 
0.1 ml. of virus dilution per pad. Dilutions used 
were 10°, 10°, 10°, and 10°, Observations of 
guinea pigs for VSV lesions were made at 48, 
72, and 96 hours. The infective dose (ids) was 
ecaleulated” on the basis of ten test sites, two 
pads per guinea pig. 


TABLE i—Lethal Dose. and Infectious Dose. 
Titers of Indiana Type Bovine Vesicular Stomati- 
tis Virus in Embryonating Chicken Eggs, Mice, 
Guinea Pigs, Tongues of Adult Cattle, and Tissue 


Cultures 
Source 
of 
bovine 
tongue Mice Adult 
(anim (3-4 Guinea Tissue hovine 
No.) wk.) pigs cultures tongue 
22 71 4.3 6.2 
27 7.3 4.5 
5.7 7 4.3 
7.4 75 45 5.0 
7.3 4.5 5.7 5.7 
32 7.4 5.1 5.5 6.5 7.5 
3% 7.4 74 0 7.2 6.7 
a4 6.7 7.3 “5 


Expressed as log of reciprocal of dilution; ** not 


done 


— 
: 
? 
‘ 


ET AL. 


TABLE 2—Lethal Dose. and Infectious Dose» Titers of New Jersey Type Bovine Vesicular 
Stomatitis Virus in Embryonating Chicken Eggs, Mice, Guinea Pigs, Tongues of Adult Cattle, 
and Tissue Cultures 

Source of 
virus Ld 
bovine = 
tonguek Guinea Tissue Calf Adult bovine 
(anim, No.) i pigs cultures Chickens tongues tongues 


id.co i.d.co i.d.co 


4 
4 
4 
4 


20 


Expressed as log of reciprocal of dilution; ** not done 


Tissue Culture TInoculation..-Trypsin-dispersed was ealeulated on the number of tubes showing 
epithelial cells of guinea pig kidney, grown for = such an effeet.” 
seven days in stationary tube eultures, were in Inoculation of Chickens. In two instances, 
oculated with 0.2 ml. of the virus dilution per 2 9 groups of 5, 8- to 10-month old erossbred Rhode 
ml, of medium in enaeh tube. Five tubes were Island Red roosters received 0.04 ml. of the virus 
used per virus dilution. The medium consisted of dilution subcutaneously in the tongue. Dilutions 
50 per eent Hanks’ salt solution, 30 per cent of 10°, 10°, 10%, and 10° were used. The pres 
horse serum, and 20 per cent chicken embryo ence or absence of vesiculation was noted and 
extract. Dilutions of virus used were 10%, 10°, final readings made at 48 hours.”” 
10°, 10°, and 10° The cultures were ineubated Inoculation of Bovine Tongue.—Four dilutions 
at 37C. and observed for cytopathogenie effect of virus were employed and five sites were in- 
at 24, 48, and 72 hours. The eriterion of eyto oculated with each dilution in each of two tongues 
pathogenic effeet of the virus was the appearance from adult cattle by the intradermalingual route 
of plaquelike areas in the growing kidney epi- «according to Henderson’s method.” Steers be- 
thelial cells in whieh the cells became rounded and tween 18 and 24 months old were used. Exeep- 
the nuelei of such cells were pyknotiec, The idw tions were two groups of 5 mixed grade, dairy 


INDIANA TYPE V&V DATA NEW JERSEY TYPE VSV DATA 
FROM TABLE | FROM TABLE 2 


we TONGWE 
Graph 1—Distribution of Lethal Dose». and Infectious Dose» of Indiana and New Jersey Types 
of Vesicular Stomatitis Virus in Various Hosts. 
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TABLE 3—Titration of Chorioallantoic Membrane 

Infected with New Jersey Type Vesicular Stoma- 

titis Virus in 8- to 10-Day-Old Mice and Embry- 
onating Chicken Eggs 


Route Dose 

of egg of vol. Age 
Sam- passages inoe, in ml, of L.d.so 
ple of inoe for for 
No ulum 


Number 


mice in 


mice mice (days) mice 


5 0 
5 0 
1 Ip 0 
1 0 
4 Ip 0 
5 0.05 a3 
5 IP 0 


** IP 


as log of reciprocal of dilution 


* 1C intracerebral intraperitoneal expressed 


old, 
the intradermalingual 
a total of ten sites per 


calves between 4 and 6 months which were 


inoculated by route at two 
sites per dilution, making 
ealf. An inoculum of 0.1 ml. of virus dilution was 
used per Dilutions of virus inoculated into 
eattle and 70", 
The tongues were examined for vesieulation at 24 


1% hours.” 


site 
cnives were and 
and 


Rest LTS 


The results of the comparative titrations 
of VSV I type bovine tongue epithelium 
in Various mediums are given (table 1) and 
for the NJ type bovine VSV (table 2). 
Tables 3 and 4 show the Ld... values ob- 
tained in limited comparative titrations of 
¢.a.m. infected with both types of VSV, in 
7- to 10-day-old mice and in embryonat- 
ing chicken eggs. The distribution of the 
Ld.,, and i.d.,, values of VSV of bovine 
origin in the various mediums are given 
(graph 1). 

All values in tables and in figures are 
converted to a O0.2-ml. quantity of virus 
inoculum for uniformity in comparison. 
Tongues from adult cattle and tissue ecul- 
tures gave approximately the same i.d.,, 


TABLE 4—Titration of Chorioallantoic Membrane 

Infected with Indiana Type Vesicular Stomatitis 

Virus in 7- to Day-Old Mice and Embryonating 
Chicken Eggs 


Number Route 
of egg of Dose Age 
vol. for of Ld ing 


mice in 


sam 
ple of for 
No ulam 


passages inor 
mice 
mice (ml.) (days) mice 


Os 

0.05 

0.05 

oon 

0.05 

IP intraperitoneal! intracerebral 


as log of reciprocal of dilution 


COMPARATIVE TITRATIONS OF VESICULAR STOMATITIS VIRUS 


sv] 


values. The calf tongue id... values in the 
two tests reported here were lower than 
the titer with the tongues from adult cat 
tle but paralleled the guinea pig pad and 
chicken tongue titers. Nagel has made 
reference to the propagation of VSV in 4 
to 10-day-old mice by the intraperitoneal 
route. A limited study was made on the 
comparative titration of NJ and [ types 
of VSV in 7- to 10-day-old mice inoculated 
by the intraperitoneal and the intracere- 
bral routes and in embryonating chicken 
eggs. A trend was indicated toward the 
greater sensitivity of the younger mouse 
The young mice responded to VSV_ in 
fection by developing encephalitis, quad 
hemiplegia of the hindlegs 
death. Limited comparison 
between 3- to 4-week-old mice with older 
mice up to 6 months showed littl dif 
ference in susceptibility when inoenlated 
intracerebrally 


riplegia, or 
followed by 


SUMMARY 
TV pes of 
VSV ) 


were titrated in tongues from calves and 


Indiana 
virus 


] New 


bovine 


Jersey and 
vesicular stomatitis 
adult cattle, and in embryonating chieken 
chicken tongues, and in tissue cultures of 


Swiss albino mice, guinea pigs, 
guinea pig kidney cells. 

The 3- to 4-week-old 
lated intracerebrally, and the embryonat- 
ing chicken eggs found to be the 
most sensitive and gave high Ld... values 
Tongues from adult cattle and tissue cul 
ture id... were of about equal value and 
came next in order of sensitivity. Calf 
and chicken tongue titrations gave lower 
id. Values than the preceding mediums. 
The guinea pig gave the values 
obtained in the test series 


mice, 


were 


lowest 


3) Titrations of suspensions of chorioal 
lantoic membranes infected with the New 
Jersey and Indiana types of VSV_ were 
made in 7- to 10-day-old mice inoculated 
intracerebrally and intraperitoneally, and 
in embryonating chicken eggs. These stud 
ies Were not extensive, but yielded Lad 


values greater in the mouse than in the 


when titrating Indiana type VSY. 
This difference was not obtained when ti 
trating New Jersey type VSV. A’ trend 
Was observed toward greater sensitivity to 
VSV in the suckling mice. 


egg 


4 
in 
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| 
5 
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: 
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Colonial and Antigenic Variations of Vibrio Fetus 


M. RISTIC, Dipl. Vet., D.V.M., M.S.; M. HERZBERG, Ph.D.; 
D. A. SANDERS, B.S., D.V.M. 


Gainesville, Florida 


THE ANTIGENIC relationships of strains of 
Vibrio fetus isolated from various host spe- 
cies have not been clearly defined. Reported 
serological studies of this organism have 
devoted little attention to the possible ex- 
istence of colonial variation with its usual 
concomitant antigenic changes, phenomena 
known to be common in many bacterial 
species. 

By use of the electron microseope, Rhoades " ob 
served morphological variation of V. fetus on sue 
ceeding transfers. This consisted of filamentous 
organisms and appearance of granular changes 
in the eytoplasm. The organisms predominating 
in young cultures were deseribed by Binns and 
Fineher’ as short, comma-shaped, and S-shaped 
forms, and those of the older cultures as long 
spirals, Plastridge ef al.” deseribed V. fetus col 
onies on thiol agar as being convex, 1 to 3 mm, 
in diameter, and varying from translucent to 
opaque in appearance. 

Cultures maintained on semisolid agar tended to 
beeome agglutinable with normal bovine serum 
and failed to agglutinate proportionately to a 
higher titer with known positive serum. Morse 
and Ristie*® showed that V. fetus antigens pre 
pared from strains following a two- to 12-day 
residence in the guinea pig proved to be slightly 
superior in agglutinability with specifie antiserums 
as compared to those prepared from the original 
or nonpassaged strains. On the basis of cross- 
agglutination studies, a considerable degree of 
antigenic heterogeneity has been observed among 
V. fetus strains." * 

These observations suggested the possibil- 
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TABLE 


Strain Origin 
U.F 
F 
426 
Diz 


bovine aborted fetus, Florida 
bovine Florida 
Kovine Florida 
Bovine Florida 
3630 Bovine Maryland 
543 Ovine Maryland 
K Ovine aborted fetus, Wisconsin 
53D Ovine aborted fetus, Colorado 
1134 Hiuman blood 
1154 Human blood, Massachusetts 


cervical mucus 
aborted fetus 
aborted fetus 
aborted fetus 
aborted fetus 


Massachusetts 


Received through Miss E. O. King, C.D 


ity of colonial variation in this organism, 
thus indicating the need for an investiga 
tion of this phenomenon as a prerequisite 
to any further study of its antigenic struc- 
ture. Upon examination of stock cultures, 
maintained in semisolid medium, Herzberg 
and Ristic® observed a number of such 
variants when cultures were plated on 
solid medium and observed by indirect, 
oblique light. The present report extends 
those observations to the bacteriological, 
biochemical, and serological characteristics 
of the variants isolated from stock cultures 
of selected strains of bovine, ovine, and 
human origin. 


MATERIALS AND METHODS 


The histories of the ten strains studied are 
shown (table 1). All strains were representa 
tive of V. fetus on the basis of their cultural, 
morphological, and biochemical characteristies, Th« 
organisms had been maintained in the laboratory 
for periods of 1 to 3 years by transfer at monthly 
intervals in Albimi* broth, containing 0.16 per 
cent agar. 

To study colony morphology, cultures were 
streaked solid Albimi mediums (containing 
2% agar) so as to obtain diserete colonies, After 
incubation for 72 hours at 37C. in an atmosphere 
of 10 per cent CO, the colonies were examined 
under a 10 to 20 magnification using 
transmitted light, according to the method of 
Henry.’ The uptake of 1:1000 erystal violet by 
colonies was also employed to differentiate vari 
ants as deseribed by White and Wilson.” 

The fermentative characteristies of the variants 
were studied in eystine tryptiease semisolid agar ** 
containing 1 per eent of the earbohydrate with 
phenol red as the indicator of aeid production 


on 


* Albimi Laboratories, Brooklyn, N. ¥ 


Baltimore Biological Laboratories, Baltimore, Md 


1—Sources of Vibrio Fetus Cultures 


Rate of isolation Recovered by 


1954 M. 
1955 H. White 
1054 
1955 Kisti 
1055 Ht. Frank 
1952 Crawford 
1955 Kowalezyk and J 
1952 K. Graham 
1955 Peter Kent Brigham Hospital * 
1942 Beton Cits 


Simon 


Hospital 


Publie Health Service 
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Fig. 1—Cells of smooth colonial type of Vibrio 

fetus (U.F.) in gram preparation, appearing as 

short, curved, comma-shaped and incomplete S- 
shaped forms. x 900. 


Catalase activity was determined on washed sus 
pensions of Vibrio obtained after 60 hours’ growth 
on solid Albimi agar. The density of the suspen 
sion was adjusted to a reading of 32 per cent light 
transmission in a Leitz photoelectric colorimeter 
approximating the No, 2 MeFarland standard, Ten 
milliliters of suspension was placed in a 16x 150 
mm. culture tube equipped with a rubber stopper 
from tube extended for 20 
em. into an inverted culture tube, of similar size, 
filled with water and situated in a water bath for 
Ten milliliters of 3 per HO. 
was added to the tube containing the bacterial 
and the After 30 
minutes at room temperature, the amount of oxy 


which a gas delivery 


convenlenee, cent 


suspension system was closed, 
gen produced by catalase activity was recorded as 
the number of milliliters.of water displaced in the 
was not con 


inverted tube. Since 


trolled precisely, all comparisons between cultures 


temperature 
were made simultaneously under the same experi 
mental conditions, 

inoculating rab 
21-day 


Antiserums prepared by 


bits 


were 


intravenously four times during a 


period with dense, living, suspensions obtained 
from 72-hour Albimi agar cultures. Agglutinating 
untigens consisted of washed organisms obtained 


from growth on solid medium suspended in suline 


Fig. 2—Strains of Vibrio fetus. 
A—Sectoring in the confluent growth of smooth 
and very rough colonies of Vibrio fetus, bovine 
strain U.F. Note opaque, granulated VR sector 
as opposed to the absence of granulation in the 

S colonies. 

B—Ovine strain 53D, showing the contrast between 
VR (lighter colored colonies) and S colonies when 
they are immediately adjacent. 
C—Single VR (lighter color) and S colony of 
human strain 1134. x 20. 
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containing 0.3 per cent formaldehyde, The anti 


gens were stored as dense suspensions and were 


diluted for the agglutination tests with formalde 
hyde-saline to a density of 45 per cent light trans 


mission in the Leitz photoelectric colorimeter. The 


tube agglutination test employed described 
previously.” 
presence of neutral aqueous acriflavin * was stud 
ied as follows: Equal amounts of bacterial sus 
pension and dilutions of the dye were placed in 
tubes and incubated at 37. for 48 hours after 
which the suspensions were examined for agglu 
tination. The final concentrations of the dye which 
were employed ranged from 1:100 to 1:6400. Ag 
glutinability of the antigens in normal bovine se 
rum was studied by use of serum from a 14-month 
virgin heifer which eame from a dairy herd having 
a satisfactory breeding record. 


was 


ResUuLTS 
All 
found in 


Variations. 
were 


Colonial and Cellular 
variants described below 


* Abbott Laboratory, North Chicago, Ill 


Fig. 3—Cells of mucoid colonial type of Vibrio 

fetus (53D) in gram preparation, appearing 

thicker and twice the length of the organisms of 
S type. x 900. 


The stability of the suspension in the 


VARIATIONS OF VisRIo Fetus 


Fig. 4—Mucoid colonial forms of Vibrio fetus 

(U.F.) with yellowish brown central portion and 

light blue periphery, having radiating appearance 

of the surface as observed under procedure de- 

scribed. This is the largest colony type observed. 
x 20. 


which 
strains 
two or 


V. fetus cultures ULF. and 53D, 
were studied intensively. Other 
studied revealed the presence of 
more of the same variant types. 

a) Smooth (S).—These were 
raised, entire edge, translucent 
with very little internal granulation. The 
individual cells appeared as thin, curved, 
comma-shaped, and incomplete S-shaped 
forms, 1.5 to 2.0 » in length (fig. 1, 2) 

b) Rough (R).—These were similar to 
the S type except for whitish opaqueness 
due to marked granulation within the col- 
onies. The cells appeared thicker and al 
most twice the length of the organisms of 
the smooth type. 

c) Cut Glass (CG1).—These were brown 
ish-green colonies, occasionally irregular 
edge, with the appearance of a cut-glass 
surface with large facets. The organisms 
of this type were distinctive long, spiral 
forms, which occasionally extended half 
way across the microscopic field of the oil 
immersion objective (fig. 5, 6) 

A common characteristic of these three 
variant colonies was their watery consist 
ency, demonstrable by a tendency of the 
colony to flow away from the needle when 
touched. 

d) Mucoid (M).—These were larger than 
previous colonial forms, with a yellowish 
brown central portion with light brown or 
blue periphery and, occasionally, a radiat 
ing appearance on the surface. The col 
onies adhered to the needle when picked. 
The cells appeared similar to the R forms 
(fig. 3, 4). 

e) Very Rough (VR).—These were gray- 
ish white, flat, and opaque, occasionally 


bluish, 
colonies 
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TABLE 2—Characteristics of Vibrio Fetus Variants 


Strains 


53D (Ovine) 


(Bovine) 


t 


studied G M 


VE 
Agel. bovine normal! serum ' 160 40 
Agel. neut. acrifiavin’ 800 6400 1600 3200 
Aerobic growth * } + + + 
Catalase activity * 30.0 0.7 28.0 04 
Motility * Weak Very Weak Very 
werk weak 
Violet Violet 


Active Weak 


Red 
violet 


Red 
violet 


Red 


violet 


Crystal violet uptake ° None 


violet 


* Expressed as the reciprocal of the final dilution showing complete agglutination; * growth on solid 
medium without replacement of 10 per cent of the air with CO,; * milliliters of water displaced by ox) 
gen produced under the described procedure (see Methods); ‘observed in hanging drop preparations 
after 15 seconds’ exposure to 1:1000 aqueous crystal violet. 


with an irregular surface (fig. 2). These 
colonies maintained their integrity when 
touched, and upon pressure with a needle 
gave an appearance of a waxy consistency 
with fragmentation into large pieces. Such 
colonies were difficult to emulsify into ho- 
mogenous suspensions in saline. The VR 
variant, as a rule, was most stable on solid 


and S colonies occasionally occurred after 
repeated subculture in broth. 

The organisms of the VR type differed 
from the S type in being slightly longer, 
thicker, straighter, and having internal 
granulation. 

A comparison of the colonial variants in 
regard to the various characteristics stud- 


ied is shown (table 2). The three non- 


“2 


medium; however, reversion to M, CGI, 


Fig. 5—The cells of cut- 
glass colonial type of Vib- 
rio fetus (53D) in gram 
preparation, appearing as 
distinctive, long spiral 
forms. x 900. 
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smooth forms were agglutinated readily in 
1:40, 1:80, and 1: 160 dilutions of normal 
bovine serum, while the S types were not 
agglutinated in dilutions of 1:10, the low- 
est dilution tested. The S forms were in- 
agglutinable in acriflavin dilutions above 
1:200 while CGl and M types agglutinated 
in dilutions of 1: 800 and 1: 1600, and type 
VR exhibited this reaction in dilutions of 
1: 3200 and 1:6400. The amounts of 
liberated from peroxide by VR forms in 
the catalase activity test did not exceed 
1.00 ml., while the other three forms varied 
between 28.0 and 38.8 ml. of water dis- 
placed in 30 minutes. On moist, solid, and 
semisolid Albimi mediums, the three non- 
smooth variants grew in a normal atmos- 
phere, while S forms required replace- 
ment of 10 per cent of the air with CO, 
in order to develop. Although all the vari- 
ants were motile in saline preparations of 
72 hours of growth, these differed in de- 
gree of activity. The colonies of VR type 
appeared violet after exposure to 1:1000 
crystal violet as exposed to lack of dye 
uptake by the smooth forms after expo- 
sure to the dye. The other variants dis- 


played color variations of blue-red shades 


after similar treatment. 

The fermentative abilities of the vari- 
ants were tested with the following carbo- 
hydrates: maltose, sucrose, mannitol, galae- 
tose, lactose, xylose, sorbitol, dextrose, and 
rhamnose. In no instance was there an 
indication that production of acid had oe- 
curred in any of the cultures. 

Results of cross-agglutination reactions 
among variants of V. fetus, strains 53D, 
(ovine origin) and U.F. (bovine origin), 
are shown (table 3). Smooth antigens ag- 
glutinated with antiserums of the 8S, M, and 
CGI variants of their own strain but failed 


TABLE 3—Cross Agglutination Among 


53D (Ovine origin) 


VR M 

53D s * 2560 0 
VR 40 20480 
M 20480 
cal 640 1280 
Ss 0 0 0 
VR 20 
M 640 
P1280 


Antigen 
Strain Variant Ss 
640 
20480 


204k0 


20480 
10240 
160 


20480 
10240 
640 


titers are underlined. 


VARIATIONS OF 


* Number indicates the reciprocal of the highest dilution showing complete agglutination 


Visrio Fetus 


Fig. 6—Cut-glass colonies of Vibrio fetus (U.F.) 

appear brownish green having surface like cut 

glass with large facets when observed under the 
conditions described. x 20. 


to react with any antiserums pre- 
pared against the variants of the heterolo 
yous strain. On the other hand, S antigens 
failed to agglutinate with VR antiserums 
of the hoywologous strains. A considerable 
degree of cross reaction was exhibited when 
nonsmooth variants were exposed to anti 
serums prepared against any variant of 
either homologous or heterologous strain 
The M variants of both strains cross re 
acted to almost the identical level. 


CTOSS 


DiscUSsION 


The examination of stock strains of V 
fetus showed that most cultures contained 
a high percentage of nonsmooth variant 
forms. These cultures had been main 
tained in semisolid Albimi broth and trans 
ferred monthly, using large inoculums 
Such a procedure would have favored the 
selection of mutant types if any sort of 
selective differential existed between vari 
ants. The nonsmooth variants which were 


Variants of Two Vibrio Fetus Strains 


Antiserum 
U.F 


( Bovine origin) 


Cal VR M ul 


$20 0 0 
2560 160 
10240 
5120 P2560 
640 640 
160 40 
10240 1280 


1240 5120 


520 40 
640 160 
2560 160 
2560 
640 a0 
1280 nO 


P2560 160 


5120 
640 
P640 


Homologous 


a 
- 
> 


tested grew equally well under either nor- 
mal aerobie conditions or in an environ- 
ment in which the atmosphere was diluted 
with CO,. The smooth organisms failed to 
grow under normal aerobic conditions. This 
factor would have been sufficient to favor 
the selection of the nonsmooth types, which 
through repeated transfers and mainte- 
nance at room temperature would have 
gained ascendancy. 

Considering the long periods of in vitro 
maintenance of these cultures, it would 
be reasonable to assume that the variants 
here described may have represented sec- 
ondary mutants from nonsmooth forms 
rather than first-step variants from the 
normal, smooth form. Thus, future studies 
on freshly isolated strains are planned to 
determine the state of the organism in 
vivo, the direction of dissociation, and the 
nature and antigenic configuration of the 
intermediate types. This would then lead 
to the development of more effective meth- 
ods of serological diagnosis and strain 
typing. 

No statement can be made as to the 
mechanism of the effect of the added CO, 
as necessary for the growth of smooth 
variants. Whether this effect is due to a 
decreased ©, tension or to the increased 
CO, tension, or a combination of both, re- 
mains to be tested. 

It is apparent from data reported herein 
that confusing results in the field of diag- 
nostic serology, and the studies of antigenic 
cross relationships among strains, may have 
resulted from the use of cultures in vari- 
ous stages of dissociation for production of 
specific serums and test antigens. In view 
of the differences in antigenic structure, 
which can occur in the mutation of S to R, 
as demonstrated in Salmonella, Brucella, 
and in the V. fetus strains described above, 
the serological heterogeneity and cross re- 
lationships in V. fetus cultures described 
in the literature should be scrutinized 
carefully. The antigenic relationships be- 
tween V. fetus strains of different sources 
and animal species can best be clarified 
by a strict control of the various mutant 
types in the preparation of antigens and 
antiserums. 

The 8S variants studied were the most 
strain specific in their agglutinability. 
The nonsmooth variants, in particular the 
M forms, demonstrated a considerable de- 
gree of cross reaction with the heterolo- 
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gous strain. In fact, the antigenic rela- 
tionships between the S and the three non- 
smooth forms arising from the same strain, 
as judged by the agglutination test, were 
less marked than the relationship shown 
between the M form of a strain of bovine 
origin and the corresponding variant type 
of another strain of ovine origin. This ob- 
servation suggests that dissoci- 
ation results in loss of type specificity 
and a gain of an antigenic homogeneity 
in which the antigenic structures of V. 
fetus strains of different host origin come 
into apparent relation. Similar study on 
greater numbers of V. fetus strains should 
be conducted to ascertain the possibility 
of a common antigenic pattern of their 
M forms. 

The agglutinability of variants in nor- 
mal bovine serum is of considerable sig- 
nificance from the practical viewpoint. The 
occurrence of spontaneously agglutinating 
forms (such as the VR type) in cultures 
extensively used for antigen in agglutina- 
tion tests may have resulted in misinter- 
pretations and uncertainty of test resuits. 
Cell morphology under these circumstances 
is not a sufficient criterion in determining 
the predominant variant type. The easily 
recognizable long filament forms generally 
considered as undesirable for antigenic 
prepurations behaved serologically closer 
to S forms than did the relatively short 
forms of the VR type. The acriflavin 
agglutinability appears, at present, as a 
most practical means, in addition to colo- 
nial differentiation, in examining the dis- 
sociative stage of a V. fetus culture. 

There were apparently no differences in 
fermentative ability among the variants, 
since they were all inactive on the carbo- 
hydrates tested. The negligible catalase ac- 
tivity demonstrated by the VR form of the 
two strains is of interest in regard to the 
possible relationship of VR variants aris- 
ing from ‘‘true’’ V. fetus strains to non- 
catalase producing ‘‘nonabortive’’ vibrios.* 


SUMMARY 


Examination of stock cultures of Vibrio 
fetus of bovine, ovine, and human origin, 
using oblique, indirect transmitted light, 
revealed the presence of one smooth and 
four distinctive nonsmooth colonial types 
with correlated cell morphology. The non- 
smooth types were agglutinated with nor- 
mal bovine serum in dilutions of 1:40 and 
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VARIATIONS OF 


1:160 and with neutral acriflavin in dilu- 
tions of 1:800 to 1: 6400. The smooth type 
required an atmosphere diluted with CO, 
for growth, while the other types grew 
equally well under normal atmospheric 
conditions. The uptake of 1: 1000 erystal 


violet, low motility, and negligible cata 
by 


lase activity was demonstrated very 
rough types. 

On the basis of cross-agglutination re- 
actions, strain specificity was shown by 
smooth types, while cross reaction was man- 
ifested among rough variants of homolo 


yous and heterologous strains. 
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Notes on the Encapsulation of Dirofilaria Immitis in the 
Mosquito Aédes Aegypti 


LEO KARTMAN, Sc.D. 


San Francisco, California 


ALTHOUGH the encapsulation of filaria par- 
asites in the mosquito host is a rather 
commonly observed phenomenon, very lit- 
tle quantitative estimation of the intensity 
of encapsulation has been reported. Kart- 
man * presented some details of the encap- 
sulation of the dog heartworm, Dirofilaria 
immitis, in Aédes aegypti, Culex quinque- 
fasciatus, and Anopheles quadrimaculatus 
and coneluded that the phenomenon was of 
small quantitative importance to the ex- 
trinsie cycle of the parasite under experi- 
mental conditions. Other factors were 
shown to be much more important as lim- 
iting conditions for the intraculicid devel- 
opment of the filaria larva. Although this 
finding lent support to the view of Brug,’ 
who suggested that filarial encapsulation is 
not a successful means of defense by the 
host, it was also noted * that encapsulation 
occurred more consistently in some mos- 
quito (eg. A. aegypti) than in 
others. 


hosts 


From the Communicable Disease Center, Public Health 
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A review of some of the pertinent literature on 
Kartman.* 
quantitative 


presented by 
offers 


filarial 
The present 
data on eneapsulation in A. 


eneapsulation is 
communication 
acqypti in more detail 
than has hitherto been published.’ 

The 
pertaining to these experiments already have been 
presented in detail.* It is sufficient to state that, 
after feeding upon an infeeted dog, the female 
mosquitoes were confined to small cardboard cages 


materials, methods, and other procedures 


placed in an enamel pan lined with moist cotton. 
They were allowed to feed on sliced apple there 
after, and were kept in an air-conditioned insee 
tary with the temperature held at approximately 
27 C. and relative humidity of about 80 to 90 per 
cent, A number of individuals were disseeted each 
day up to 20 days after the infectious blood meal, 
and their filaria infections were analyzed. 


Discussion AND RESULTS 


A summary of the major portion of the 
data on eneapsulation is presented in table 
1. No encapsulation was observed until the 
third day after the infectious meal. 
Throughout the 20 days, only microfilariae 
or microfilaria-like forms and ‘‘sausage 
stage’’ larvae were found encapsulated. 
The bulk of encapsulated parasites were 
seen in the malpighian tubules, usually 


TABLE 1—Encapsulation of Dirofilaria Immitis in Aédes Aegypti 


No. filariae in 


Number 
with 


with 
encap, forms 
dis encap 


mosquito sected (No forme 


it 
12 
13 
16 
7 
18 
iv 
20 


Totals 229 


Mipeh. tubules 


(No.) 


hLneap 
sulated 
Sausage 

stage’'* 


Microfilariae encapsulated in:* 


Midgut Haemocoele 


(No.) 


(%) 


(No.) (%) (No.) 


17.0 
12.5 
16 
15 
12 


* Based on filariae in mosquitoes showing encapsulated forms 
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sg 
4 
4 
a 
Daye 
1 4 0 0.0 195 
7 14.2 250 ‘1 6 1y.7 0 0.0 0 0.0 0 0.0 
~ 
5 M4 $5.7 $22 186 7 7 1 O.5 0 0.0 0 0.0 
7 18 23.0 284 111 0 0.0 0.0 0.0 
11 27.2 52 11 en 0 0.0 0 0.0 19 
i4 7 0.0 167 216 14 6.4 0 0.0 0 0.0 0.4 
7 2 258 112 5 44 0 0.0 0 0.0 
61.5 259 42 16.2 0.0 0 0.0 4 1.5 
45.4 111 12 10.8 0 0.0 0 0.0 0.0 
11 5 27.2 160 15 33.3 0 0.0 0 0.0 0 0.0 
“1g i! i 16.3 i6 5 10.8 0.0 4 0.0 
5 15.7 151 7 0 l 2.5 0.0 
5 53.3 159 112 0 0.0 2.6 1 
16 00 197 126 15 0 0.0 0 0.0 0 0.0 
15 3.3 140 o6 $7 0 0.0 l 1.0 0 0.0 
148 73 12 0 0.0 4.1 0 0.0 
62.5 oo 63 10 0 0.0 1.5 0 0.0 
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Graph 1—The type of en- 
capsulation of Dirofilaria 
immitis microfilariae 
shown as percentages dur- 
ing a period of 20 days 
in Aédes aegypti (no en- 
capsulation occurred until 
the third day). 


PERCENT ENCAPSULATION OF MICROFILARIAE 
> 


lying in the distal portions and quite often 
in saclike expansions of the tubules. Some 
encapsulated forms were found in the mid 
gut and appeared no different from the 
type of encapsulation seen in the tubules, 
Eneapsulated microfilariae were also found 
in the haemocoele (table 1) but only dur- 
ing the latter portion of the observation 
period. These were always found among 
the tracheoles surrounding the outer wall 
of the midgut 

The percentage of mosquitoes with en 
capsulated filariae increased with time. 
Similarly, the percentage of encapsulated 
filariae increased toward the termination 
of the time period selected. It should be 
pointed out that the majority of D. immitis 
microfilariae in A. aegypti were found to 
remain virtually unchanged during the 20- 
day period under the present experimental 
conditions. Very few of them initiated de 
velopment to later larval stages. Whether 
or not this factor favored encapsulation is 
not known, but the hypothesis should be 
considered since in other mosquito hosts, 
in which most of the filariae developed to 
infective larvae, little or no encapsulation 
Was seen under the same conditions.* It 
may be possible that microfilariae are more 
susceptible to encapsulation in an unfa 
vorable mosquito host than are the later 
larval stages, and that this reaction in 
creases in intensity the longer the micro 
filariae survive and remain unchanged, Ov 
the other hand, it is known that adverse 


ENCAPSULATION OF DIROFILARIA LMMITIS S11 


PARTIAL ENCAPSULATION 
COMPLETE ENCAPSULATION 


DAYS im MOSQUITO 


temperature conditions favor encapsula 
tion of later larval stages in mosquitoes.’ 

The encapsulation of the microfilariae 
was either partial or complete. Partially 
encapsulated parasites were affected at 
various places on their bodies, but the free 
portions of the worm showed movement 
Completely encapsulated filariae evinced 
no movement whatsoever. Data on the per 
centage of partially and completely encap 
sulated microfilariae during the 20-day pe 
riod (graph 1) suggest that the percentage 
of complete encapsulation inereased di 
rectly with the length of time spent by the 
parasites in the mosquito. It would be of 
interest to observe the extent of encapsula 
tion in mosquitoes over a longer period 
than is shown here. As far as can be de 
termined, no knowledge exists regarding 
the ultimate fate of an encapsulated 
filaria parasite in the mosquito host 


SUMMARY 


Data are presented on the encapsulation 
of Dirofilaria immitis in Aédes aegypti 
Encapsulation occurred mainly on micro 
filariae and rarely on “‘sausage stage’? lat 
vae. The intensity of encapsulated para 
sites, and the number of mosquitoes with 
encapsulated forms, increased with the 
passage of time. Similarly, the percentage 
of completely encapsulated parasites in 
creased as their stay within the mosquito 
lengthened, The data suggest that, in an 
unfavorable mosquito host and under the 
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conditions of the experiment, encapsula 
tion of the unchanged microfilaria was fa- 


vored in direct relation to the length of 


time spent in the host. 
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It’s actually easy to save —when you buy Series 
E Savings Bonds through the Payroll Savings 
Plan. Once you've signed up at your pay office, 
your saving is done for you. The Bonds you re- 
ceive pay good interest —3% a year, com- 
pounded half-yearly when held to maturity. 
And the longer you hold them, the better your 
return, Even after maturity, they go on earning 
10 years more. So hold on to your Bonds! Join 
Payroll Savings today—or buy Bonds where you 
bank. 


Safe as America— 
U.S. Savings Bonds 


Why the killer came 
to Powder Springs 


WIE SKINNY little Texan who drifted into 
Butch Cassidy's layout at Powder 

Springs one day in "97 had dead-level eyes, 
a droopy mustache, and two six-guns tied 
down for the fast draw. Called himself 
Carter. Said he was a killer on the run. 

That’s why Cassidy and the outlaws in 
his notorious Wild Bunch told him all about 
the big future plans for their train robbers’ 
syndicate. They took him in. 

And he took them in. He was a range de- 
tective whose real name was a legend in the 
West —Charlie Siringo. And the information 
he got before he quietly slipped away 
stopped the Wild Bunch for a long, long 
time. 

Of course, Siringo knew all along that if 
Cassidy or the others had discovered the 
truth, they’d have killed him sure. But it 
just never worried him any. 

You couldn't scare Charlie Siringo. Cool- 
est of cool customers and rawhide tough, he 
had the go-it-alone courage it takes to build 
a peaceable nation out of wild frontier. That 
brand of courage is part of America and 
her people— part of the country’s strength. 
And it’s a big reason why one of the finest 
investments you can lay hands on is Amer- 
ica’s Savings Bonds. Because those Bonds 
are backed by the independence and cour- 
age of 165 million Americans. So buy U.S. 
Savings Bonds. Buy them confidently —regu- 
larly and hold on to them! 


The U.S. Government does not pay for this advertisement. It is donated by this publication in cooperation with the 
Advertising Council and the Magazine Publishers of America. 
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